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PRESSURE CHANGES IN THE OPHTHALMIC ARTERY 
AFTER CAROTID OCCLUSION 


AN EXPERIMENTAL STUDY IN THE RABBIT* 
BY 
VERNON H. SMITH 
Manchester Royal Eye Hospital 


IN recent years ophthalmologists have become increasingly aware of the 
syndrome of carotid occlusion, as many patients with this condition present 
themselves complaining of ocular symptoms. Indeed, these may be the only 
symptoms, and the responsibility of the ophthalmologist is considerable when 
he alone has the chance of detecting the condition. The two commonest 
ocular symptoms associated with this syndrome are homolateral blindness 
and crossed hemianopic field defects. The latter have been ascribed with some 
certainty to lesions of the middle cerebral artery (Walsh and Smith, 1952), and 
are unlikely to be present without associated systemic symptoms; but homo- 
lateral blindness, whether transient or permanent, may be the patient’s only 
complaint. 

This second group of cases, originally the sole responsibility of the ophthal- 
mologist, has been the subject of considerable study. Reasonable though 
not wholly satisfactory explanations have been advanced for the development 
of optic atrophy, but the mechanism of the transient attacks of blindness is 
still unknown and further investigation is required. 

Although it is known that grave alterations in the blood pressure occur 
distal to stenosis or occlusion of a carotid artery (Sweet and Bennett, 1948; 
Sweet, Sarnoff, and Bakay, 1950; Bakay and Sweet, 1952, 1953), the fact that 
not all patients with carotid occlusion suffer from transient attacks of blind- 
ness or permanent optic atrophy (Johnson and Walker, 1951) suggests that 
further knowledge of the blood pressure between the central retinal artery 
and the carotid block would be desirable. 

Duke-Elder (1926) has shown that, in the normal anaesthetized cat, there is 
a 25 per cent. fall in pressure from the ophthalmic artery to the central 
retinal artery; correspondingly any fall in pressure in the ophthalmic artery is 
likely to give rise to an even lower pressure in the retinal vessels. 

The studies of Sweet and his collaborators on pressure changes in the carotid 
artery and its branches distal to an occlusion have not been performed in the 
case of the ophthalmic artery. These workers were well aware of the value 
of such a reading, but the inaccessibility of the vessel made the introduction of 
a cannula technically impossible. 





* Received for publication July 7, 1960. 
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The technique of ophthalmodynamometry has also been used to measure 
the pressure in the ophthalmic artery in carotid occlusion, but although useful 
clinically the results are not sufficiently accurate to provide evidence for basic 


pathological assumptions. 

Failing a method of clinical investigation, resort has been made to the 
experimental animal, The method used by Duke-Elder (1926) to measure 
the ophthalmic arterial pressure in the cat suggested itself. There are, how- 
ever, certain technical difficulties, as Duke-Elder himself pointed out, and in 
the slightly different problem studied in this investigation substantial modifi- 
cations to the original method have been needed. 


Technique 

In Duke-Elder’s original investigations the pressure in the ophthalmic artery 
was measured by inserting into the eye a needle from a pressure apparatus, to 
which was connected a manometer. The intra-ocular pressure was then gradually 
raised. This caused a build-up in the pressure in the central artery of the retina until 
it was equal to that in the ophthalmic artery. When pulsations of blood were still 
just visible at the disc when looking through an ophthalmoscope, the intra-ocular 
pressure was just less than that in the ophthalmic artery. 

Even under ideal experimental conditions this end-point was not easy to detect; 
if the needle was placed in the anterior chamber it often interfered with ophthalmo- 
scopy, and if it was placed in the posterior segment it often caused a vitreous 


haemorrhage. 

These difficulties have been confirmed by the present author, who also found an 
additional complication when the carotid artery was ligated, in that there was 
a vast reduction in the pulse pressure in the ophthalmic artery. This made the 
end-point even harder to detect, as Duke-Elder’s method depended on a vigorous 
pulse pressure for the easy identification of this critical level. 

To overcome this difficulty the author introduced a vital dye (Pontamine sky 
blue) into the circulation of the experimental animal. The intra-ocular pressure 
was raised to well above the blood pressure before the dye was injected, and was 
then lowered gradually. 

An end-point similar to that observed by Duke-Elder was seen in animals in 
which the carotid had not been ligated, although the dye was not so great a help 
as had been expected; however, in cases in which the ipsilateral common carotid 
artery had been ligated the results were still difficult to assess. The small or absent 
pulse pressure allowed an insidious seepage of blood to enter the retinal vessels as 
the intra-ocular pressure was reduced, and the vascularized part of the fundus 
gradually assumed a bluish tinge. 

This problem was only solved by sacrificing the eye and the animal. The 
intra-ocular pressure was kept at a desired level for some minutes and the optic 
nerve was then clamped, isolating and stabilizing the retinal circulation, and the 
eye was removed. A subsequent flat preparation of the retina showed without 
doubt whether there was blue dye in the eye or not. 
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This method was used in all the experiments from which deductions are made, 
and may be summarized as follows: 


If the intra-ocular pressure is raised until it is above the ophthalmic arterial 
pressure, and a vital dye is then injected; depending on the subsequent intra- 
ocular pressure, on removal of the eye a flat preparation of the retina will contain 
dye only if the intra-ocular pressure has fallen below that in the ophthalmic 
artery. 


(1) Choice of Experimental Animal.—This lay between the monkey and the rabbit. 
Amongst common experimental animals they alone possess neither a carotid rete 
nor a well-marked ramus anastomoticus (Henderson, 1903; Duke-Elder, 1958). 
Such massive anastomoses between the carotid arteries are of course not present in 
man, and experiments on animals possessing them can have little relation to human 
physiology in this respect. 

For the method described in this paper the rabbit has one advantage (apart from 
expense) over the monkey, in that the rabbit’s orbit is shallow, allowing easy access 
to the optic nerve for clamping. 


The central retinal artery of the rabbit arises as the main branch of the superior 
ophthalmic artery. This vessel is a branch of the internal carotid while it is 
actually forming part of the circle of Willis, and before entering the optic nerve it 
gives a branch to the long ciliary artery—a branch of the external carotid. 


After the central retinal artery enters the optic nerve it runs forwards until it 
reaches the disc, where it divides into two branches, which immediately subdivide 
to form a vascularized area in the retina resembling, with the disc, the two blades 
of an aeroplane propeller. This is the only area of the retina that contains blood 
vessels (Duke-Elder, 1958; Michaelson, 1954). 


The rest of the blood supply of the eye comes from the external carotid artery. 
However, the retinal circulation of the rabbit is probably separate from that of the 
choroid as in man; Sautter and Seitz (1952) showed that there was no functional 
connexion between the two, and their experiments have been repeated and con- 
firmed. The subendothelial cushions in the ciliary vessels which had been thought 
to regulate flow from the choroidal to the retinal circulation (Moffat, 1952, 1956) 
are now only doubtfully cast in this role, and may indeed be artefacts (Moffat, 
1959). 


The circle of Willis in the rabbit is also very similar to that in man (MacDonald 
and Potter, 1951), and a block in the internal or common carotid might be expected 
to have pressure effects similar to those seen in man, the main difference being that 
in the rabbit the anastomotic value of the circle is slightly higher, as the posterior 
communicating artery seems to be a more constant and relatively larger branch. 


(2) Anaesthesia.—This was always induced by intravenous Nembutal and main- 
tained by open ether. The Nembutal was injected into the marginal vein of the 
ear, and the amount required varied considerably from animal to animal, not being 
accurately proportionate to weight. 
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(3) Control of the Intra-ocular Pressure.—The apparatus (Fig. 1) consisted of a 
Winchester jar to which was attached a ““Y” tube. To one limb of this was at- 
tached a Higginson syringe, and to the other limb another “‘Y”’ tube. 


Fic. 1.—Apparatus for the control of the intra-ocular pressure. For details see text. 


To this was attached a compensated mercury manometer graduated in milli- 
metres, and the remaining limb was fed into a flask containing saline. 

Air under controlled pressure could thus be forced into the flask onto the surface 
of the saline, which in turn was forced out along the tubing through a No. | 
(Record) needle into the eye. 

By using a Winchester jar a large reservoir of air was provided, the pressure of 
which could be altered as gradually and evenly as desired by the Higginson syringe. 

The needle was inserted at the limbus into the anterior chamber. Introduction 
into the posterior segment ran too great a risk of damaging the retina. 


(4) Estimation of Blood Pressure.—In most cases this was recorded by cannulating 
the common carotid artery downwards towards the aorta, but occasionally this was 
impossible for technical reasons, and then the femoral artery was used instead. 
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This gave exactly the same readings as the carotid, as has been verified (Experiment 
38). 

Polythene tubing (Allen and Hanbury, No. 2, internal diameter 1-0 mm.) was 
used for cannulation in all experiments. This was connected to a compensated 
mercury manometer calibrated in millimetres (Fig. 2); interposed was a syringe 
connected to a two-way tap, by which the cannula could be cleared of blood. 


Fic. 2.—Apparatus for the measurement of blood pressure. For details see text. 


In the second series of experiments an additional cannula was introduced into 
the common carotid distal to the ligature. This was also connected to the mano- 
meter, so that the same instrument was used to give pressure readings from above 
and below the carotid ligature. 


(5) Choice of Vital Dye.—The dye used in practically all the experiments was 
Pontamine sky blue (supplied by Messrs. Gurr and Co.). This dye was used on 
the recommendation of Professor A. C. P. Campbell, who had used it on a previous 
occasion with success (Campbell, 1937), because of its slow penetration across the 
blood-brain barrier. This last property suggested a slow rate of diffusion across 
the retinal vessel wall. 
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An average of 20 ml. of a 10 per cent. solution was injected, usually intravenously 
though sometimes intra-arterially. After the injection the blood pressure usually 
fell, often to as low as 50 per cent. of its original value, but it recovered rapidly to a 
level a little below that before the injection. Thereafter the blood pressure 
gradually declined. 

In all cases the non-operated eye was removed as a control, to show that the dye 
had penetrated to the retinal vessels. This it did in every case. 


(6) Fixation of the Retinal Circulation—A pair of Spencer-Wells forceps was 
applied across the optic nerve to trap the central retinal vessels. The eye was then 
removed, cutting the nerve proximal to the forceps, and plunged into 10 per cent. 
formalin complete with the attached forceps and the needle connecting it to the 
pressure apparatus. 

In earlier experiments attempts at more rapid fixation were made, using the 
method of rapid freezing. Carbon dioxide snow and an Isopentane bath suspended 
in liquid nitrogen were both employed, but these methods were unsatisfactory. 
Instant freezing turned the vitreous to ice, which on expanding completely dis- 
organized the interior of the eye. 

Several other fixatives were used before 10 per cent. formalin emerged as the most 
suitable. The addition of 4 per cent. ammonium molybdate to the formalin 
unfortunately left the retina too brittle. Absolute alcohol produced too much 
shrinkage, and Susa gave results intermediate between the two. 


(7) Preparation of the Slide.—The eye, still connected to the pressure apparatus 
and with the optic nerve still clamped, was placed in formalin. In some cases the 
needle from the pressure apparatus was removed after 20 minutes, and in others it 
remained in situ, the pressure gradually decreasing over a number of days. The 
results did not seem to be affected whichever technique was adopted. 

Quite often the artery forceps were removed after a thread ligature had been 
passed between them and the globe. In experiments where this was done, care 
was taken to tie the ligature before the needle from the pressure apparatus was 
removed from the eye. 

The eye was fixed in 10 per cent. formalin for a week. After fixation the globe 
was sectioned 5 mm. from the limbus and the anterior segment was discarded. The 
retina was detached from the posterior segment and, as it needed no further staining, 
was placed on a slide, dehydrated, and mounted. 


Experimental Procedure and Results 
(1) CONTROL SERIES 


(a) Procedure 
(1) The rabbit was anaesthetized as described. 
(2) The /eft common carotid artery was exposed and ligated. A polythene 
cannula was inserted proximal to the ligature pointing downwards to the aorta, 
which was kept clear by the assistant. Readings were taken from the manometer. 
(3) The right eye was prepared. Medial and lateral canthotomy were per- 
formed, and the conjunctiva was incised round the limbus and separated from the 
globe. The superior and lateral recti were then detached from their-insertions. 
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Using the medial rectus for fixation, the needle from the pressure apparatus was 
introduced into the anterior chamber at the limbus, and the intra-ocular pressure 
was raised to approximately 30 mm. Hg above the blood pressure. 

(4) Using the marginal vein of the ear, 20 ml. of a 10 per cent. solution of 
Pontamine sky blue were injected. The animal was seen to turn blue. 

(5) When the blood pressure was steady, as described above, the intra-ocular 
pressure was reduced to the desired level for a measured period. It was then raised 
again to 30 mm. Hg above the blood pressure. 

(6) The remaining recti were now detached. The optic nerve was clamped 
with artery forceps and then divided proximal to them. The globe was then 
plunged into formalin as described. 

(7) The remaining eye was now excised in a similar fashion, the optic nerve 
being clamped and divided proximally. This was also fixed in formalin, and flat 
preparations of the two eyes were 
subsequently made as already 
described. 

(8) All animals were killed 
at the end of the experiment, 
usually with an overdose of 
anaesthetic. 


+ 20- O Dye absent 
@ Dye present 
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(b) Results.—As can be seen 
(Fig. 3), when the intra-ocular 
pressure is maintained at the 
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same level as the blood pres- 
sure, no blue dye enters the eye, 
indicating that this pressure is 
above that in the ophthalmic 
artery. 

When, however, the intra- 
ocular pressure is lowered as 
little as 5 mm. Hg below that 
of the blood pressure, dye 
enters the eye in every case. 
This implies that the pressure 
in the ophthalmic artery is 
within 5 mm. Hg of the blood 
pressure as measured by the 
method described. 


et Fic. 3.—Diagram showing that the 


pressure in the ophthalmic artery was 
within 5 mm. Hg of the blood pressure 
we al when the ipsilateral carotid artery was 
unobstructed. 


INTRA-OCULAR PRESSURE RELATED TO BLOOD PRESSURE 





(II) Series I 


(a) Procedure.—This was the same as that in the control series, with the 
difference that the carotid ligated was the /eft and the eye that was prepared 
and experimented on was also the /eft. 
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In this series also the intra- + 20- O Dye absent 


ocular pressure was varied in 
relation to the blood pressure, 
but at a lower level. 


@ Dye present 
+ 10+ 


(b) Results.—As can be seen 
(Fig. 4), when the intra-ocular 
pressure was reduced to as low 
as 40 mm. Hg less than the 
blood pressure, in no case did 
any blue dye enter the eye, 
implying that in every case the 
blood pressure in the ophthal- 
mic artery was less than this. 

As the intra-ocular pressure 
was reduced, however, in a 
number of cases the pressure 
in the ophthalmic artery was 
sufficient to force blood into 
the eye. The pressure of 50 
mm. Hg less than the blood 
pressure seemed to be a kind of 
watershed, positive and nega- ; 
tive results occurring in fairly - 60 


equal quantities. Fic. 4.—Diagram showing that the pressure in the 


5 : ophthalmic artery was approximately 50 mm. Hg 
At 55 mm. Hg below the below the blood pressure when the ipsilateral carotid 


blood pressure, the intra- artery was obstructed. 
ocular pressure was definitely 
below that in the ophthalmic artery, as was shown by the presence of dye in 


the eye in every case. 
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(IIT) Series II 


(a) Procedure 
(1) The rabbit was anaesthetized. 


(2) The Jeft common carotid artery was ligated. A polythene cannula was 
introduced proximal to the ligature pointing downwards towards the aorta. While 
this was kept clear by the assistant, a second cannula was inserted distal to the liga- 
ture pointing upwards towards the head. Sometimes it was possible to introduce 
this into the internal carotid artery, but most often it remained in the common 
carotid artery. 


_ G) The /eft eye was prepared as in the control series, the intra-ocular pressure 
being raised to about 30 mm. Hg above the blood pressure. 


(4) 20 ml. of 10 per cent. Pontamine sky blue were injected intravenously. 
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(5) For a controlled period the intra-ocular pressure was reduced to a deter- 
mined level in relation to the pressure recorded from the cannula piaced distal to 
the carotid ligature. After this it was again raised to about 30 mm. Hg. above the 
blood pressure. 


(6) The left eye was removed as in the earlier series, followed by the right. 


(7) The animal was killed. 


(b) Comment.—The second cannula, introduced distal to the carotid 
ligature, provides a reading of the pressure in the circle of Willis at the point 
where the internal carotid artery takes place in it. As has been stated above, 
it was not possible to insert the cannula into the internal carotid in every case, 
but it is unlikely that there is any difference in pressure between the common 
and internal carotid arteries sufficiently large to be recorded by the relatively 
crude methods used. There seemed to be no difference in the results obtained 
when the cannula was placed in one or the other vessel. 

This technique then affords some measure of the fall in pressure in the 
carotid artery after ligation. 

It also carries with it a further technical complication. When washing out 
the cannula with saline it is possible to raise the pressure in the circle of Willis 
by undue pressure.on the syringe, and so to force blood into the eye after 
overcoming the raised intra-ocular pressure. Because of this unexpected 
results may be obtained, and indeed Experiments 84 to 86 were invalidated 


for this reason. 
(c) Results.—As can be seen (Fig. 5), in no case did dye reach the retina in 


which the intra-ocular pressure was raised to as little as 5 mm. Hg above the 
pressure recorded from the cannula placed distal to the carotid ligature. 


+ 20- © Dye absent 
@ Dye present 
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PRESSURE IN CIRCLE OF WILLIS 


Fic. 5.—Diagram showing that the pressure in the 
ophthalmic artery can be roughly identified with 


that recorded immediately above a ligature round 
the ipsilateral common carotid artery. 
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When the intra-ocular pressure was maintained at the same level as the 
reading from the distal cannula, an indeterminate result was obtained, but 
when the pressure was 5 mm. Hg below the level of that in the circle of Willis, 


dye was constantly present in the eye. 
Altogether the pressure on the circle of Willis and the aortic blood pressure 


were taken in 26 cases, although only twenty experiments are accepted as 
valid for the measurement of the pressure in the ophthalmic artery. The 


drop in pressure distal to the ligature ranged from 30 to 70 per cent. (average 
49-7 per cent.). 


Notes on Particular Experiments 


In all, over a hundred rabbits were operated on, but many of these were 
consumed during the development of the method. In some of them special 


investigations were carried out, apart from the main theme of the experimental 
study. 


(1) Experiments confirming the Findings of Sautter and Seitz (1952).— 
Three rabbits were subjected to an identical procedure with identical results. 

(a) The left eye was prepared as in the previous experiments, except that the 
needle from the pressure apparatus was not inserted. Instead the optic nerve was 
clamped with Spencer Wells forceps. 

(b) 20 ml. of 10 per cent. Pontamine sky blue were injected intravenously. 

_(c) After allowing 5 minutes for the dye to become adequately mixed with the 

circulating blood, the eyes were removed. 

Results showed that there was no blue dye in the retina of the experimental 


eye, but plenty in that of the controleye. These results suggest that clamping 
off the central retinal artery cuts off the only functional blood supply to the 


retina, and that no blood reaches it from the choroidal circulation. 


(2) Experiment 38.—As carotid cannulation was sometimes impossible, a 
check was made to see whether femoral cannulation gave the same results 
with the method employed. This, in fact, was so: cannulae in the femoral 
and carotid arteries gave identical readings when each was connected alter- 
nately to the same manometer. The general condition of the animal was 


good throughout the experiment, and several readings were made. 


Discussion 
It is difficult to discuss the findings recorded above in relation to those of 
other workers in this field; different techniques and experimental animals 
make any true comparison impossible. 


Similarly, any precise application of these results to human pathology would 
be highly dangerous, and is certainly not intended. 
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The method has certain advantages that are naturally conferred upon it by 
the experimental animal. It has a most definite end-point; either dye reaches 
the eye or it does not. Even the smallest pulsation or seepage of blue blood 
will immediately result in the stain being taken up by the vessel wall, as well 
as by the erythrocytes and plasma, which are of course already stained. 

Furthermore, the nature of the presentation of the results allows them to 
be preserved indefinitely, at any time available for inspection. 


(1) Control Series.—In these experiments an attempt has been made to define 
the normal ophthalmic arterial pressure of the rabbit in relation to the normal 
systemic arterial pressure. Results indicate that it is within 5 mm. Hg of the 
pressure in the aorta when this is measured by the method described. 

Duke-Elder (1926) studied this problem in the cat with apparently similar 
results. However, the cat possesses a well developed carotid rete which gives 
rise to the ophthalmic arteries, and what proportion of the fall in pressure—if 
any—this absorbs, is unknown. This structure is of course not present in 
man, nor in the rabbit. 

Furthermore, Duke-Elder’s technique of estimating the blood pressure is 
slightly different from that used in the present series. In his results he talks 
of a mean aortic pressure, this being the mean value of the combined systolic 
and diastolic pressures. 

The cannulation method described above gives almost no indication of the 
pulse pressure, as only a very slight movement can be seen in the mercury 
column. A pulsation can be seen in the cannula as it enters the common 
carotid artery, so presumably this is absorbed by the elasticity of the tubing 
and the weight of the contained saline and mercury. 

However, although the manometer reading might bear an uncertainrelation 
to the systolic peak in the aorta, this objection does not apply to the method 
used to determine the ophthalmic arterial pressure. Here even a tiny 
pulsation at a higher level than the intra-ocular pressure will leave its blue 
stain in the retinal vessels, so that the absence of dye on the resulting slide 
must indicate a definite relationship between peak systolic pressure in the 
ophthalmic artery and intra-ocular pressure. 

Two alternative interpretations are available: 


(a) If it is accepted that the method described above gives a blood pressure 
reading corresponding to the mean aortic pressure similar to that described by 
Duke-Elder, then the ophthalmic systolic peak is 5 mm. Hg less than this. Assum- 
ing a pulse pressure of 30 mm. Hg, this would result in a drop of approximately 20 
mm. Hg from the systolic aortic pressure to the ophthalmic arterial peak. 

Such a drop would not be in conformity with the results of other workers. 
Duke-Elder reported a drop of only 5 mm. Hg from the aorta to the ophthalmic 
artery, and that in the cat in which, as mentioned above, there is a carotid rete. 

Note should also be made of the work of Woodhall, Odom, Bloor, and Golden 
(1952) and Bakay and Sweet (1952, 1953) who found, from human experimental 
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studies, a drop of only 1 per cent. in the systolic pressure from the main trunk o/ 
the internal carotid down to the branches of the anterior and middle cerebra: 
arteries of only 0-5 mm. in external diameter. 

While acknowledging the dangers of comparing the results from other sources 
with the present experiments, as stressed already, it must be stated that similar 
studies in the rabbit are not available. 

As the vascular arrangements in the rabbit approximate more closely to those in 
man than to those in the cat, a figure of 20 mm. Hg for the fall in mean pressure 
from the aorta to the ophthalmic artery would seem open to question, for in both 
man and rabbit the vascular pathway from the aorta to the eye offers nothing like 
the opportunities for loss of pressure that are presented by a carotid rete. 

(b) If, however, the method described above is accepted as giving a reading of 
the aortic blood pressure that approaches more closely to the systolic peak, any 
apparent discrepancy between this work and that of Duke-Elder is removed. 

The ophthalmic arterial pressure is now represented as within 5 mm. Hg of the 
aortic pressure. 


It is interesting also to note the results of Hill and Flack (1912) and Hill 
(1913). Taking the blood pressure by a similar method to that used in this 
series, namely by a cannula in the carotid connected to a mercury mano- 
meter, they found that the intra-ocular pressure had to be raised almost to 
that of the carotid before bleeding ceased from a cut in a vortex vein. They 
too used rabbits. Their results, of course, prove nothing so far as the retinal 
circulation is concerned, the choroidal circulation in the rabbit coming from 
the external carotid artery. 

It would seem odd, however, if there was a marked difference in the pres- 
sures of the retinal and choroidal circulations. So far as the cat is con- 
cerned Duke-Elder regards them as being equal. 

Just how far, if at all, the results of these several workers are applicable and 
comparable to those reported above it is impossible to say. Until a more 
accurate and sensitive method of measuring the rabbit’s blood pressure 
becomes available, all that can be done is to reiterate that the control series 
showed a systolic ophthalmic arterial pressure within 5 mm. Hg of the 
recorded aortic blood pressure. 


(2) Series 1.—In these experiments the intra-ocular pressure on the same side 
as the ligated carotid artery was varied in relation with the blood pressure. 
As the intra-ocular pressure was lowered, it became clear that there was a 
critical level at which some animals gave a positive and others a negative 
result. 

The majority of the experiments were therefore concentrated round this 
pressure which was 50 mm. Hg below the blood pressure. 

The slides from experiments where the intra-ocular pressure was 50 mm. 
Hg less than the blood pressure yield varied results. There is no dye in four 
of them, showing that in these cases the intra-ocular pressure was higher than 
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that in the ophthalmic artery, and in another four there is clear evidence of 
the reverse being the case. In Experiments 59 and 63, however, although the 
control eye shows good penetration of dye, the experimental eye is only just 
stained, and that not completely, implying that the circulation must have been 
very meagre and that the intra-ocular pressure must have been very close 
indeed to that in the ophthalmic artery. 

From this evidence it may be suggested that the systolic pressure in the 
ophthalmic artery is in the region of 50 mm. Hg below the aortic blood pres- 
sure as recorded above, when the common carotid of that side has been 
ligated. 

In all, the blood pressure was recorded accurately in 66 rabbits. This in- 
cludes the animals used for all series of experiments (57 rabbits) with another 
nine in which the blood pressure readings were accurate, but in which the 
experiment was invalid for some reason. The blood pressure varied from 
60 to 150 mm. Hg, but the majority of the readings were between 85 and 115 
mm. Hg. 

The average blood pressure in Series 1 was 108 mm. Hg compared with 
105 mm. Hg for the total series. This slightly higher reading is probably 
due to the fact that in Series | the experiment involved very little disturbance 
to the rabbit—less than in the control series, where the rabbit had to be 
turned over after inserting the cannula, and much less than in Series II, 
where the extra manipulation resulted in a uniformly poorer general condition 
and a lower blood pressure. 

A pressure of 50 mm. Hg less than an average aortic pressure of 108 mm. 
Hg would be 58 mm. Hg, or 54 per cent. of the systemic blood pressure. It 
may be reasoned that, after ligation of the common carotid artery, the 
ophthalmic arterial pressure on the affected side is in this region. 


(3) Series 2.—By recording the pressure distal to the ligature round the 
common carotid as well as the blood pressure proximal to it, further informa- 
tion and experimental scope was gained. 

In all, 26 rabbits had the pressure measured on both sides of the ligature. 
The average blood pressure was 98 mm. Hg and the average pressure distal 
to the ligature was 49 mm. Hg (50 per cent.). 

This makes an interesting, though not necessarily true, comparison with 
the figure of 51 per cent. reported from similar measurements in man by 
Sweet and Bennett (1948) and Sweet, Sarnoff, and Bakay (1950). 

The question whether the method of recording the blood pressure in use 
gives a reading of the mean or systolic pressures has already been discussed, 
but a further point may be added. The cannula recording the pressure in the 
circle of Willis showed that the blood stream in this part of the circulation had 
little or no pulse pressure. Even on withdrawing blood backwards into the 
tubing it seeped forwards gradually without pulsation. 
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In view of this it may be assumed that the method in use would measure the 
ophthalmic artery pressure exactly, as there was only one pressure in most 
cases, with no systolic or diastolic excursion. 

What proportion of the circle of Willis is subject to the fall in pressure 
after ligation of the carotid may be inferred from the experiments of Mac- 
Donald and Potter (1951), which clearly place the origin of the superior 
ophthalmic artery in the low pressure segment. 

This segment is fed by the anterior and posterior communicating arteries. 
Any additional blood would probably come by retrograde flow back along 
the ophthalmic artery from its anastomosis with the external carotid. This 
anastomosis is probably not so rich as in man, because the superior oph- 
thalmic artery is a relatively smaller vessel in the rabbit than the ophthalmic 
artery in man. 

In the experiments performed in this series, the normal supply to this anas- 
tomosis in internal carotid occlusion is cut off, and any flow from the external 
carotid would have to be fed by its fellow on the other side via anastomoses in 
the midline. 

The results obtained in this series seem quite clear. When an attempt was 
made to keep the intra-ocular pressure at the same level as that in the circle 
of Willis, an indeterminate result was obtained. When, however, the pressure 
was raised as little as 5 mm. Hg above that in the circle, it prevented blood 
from reaching the eye in every case, and when it was 5 mm. Hg below, then 
dye constantly reached the eye. 

Thus there seem to be grounds for identifying the pressure in the ophthalmic 
artery with that taken distal to a ligature round the common carotid artery— 
within 5 mm. Hg either way. 

It is interesting to compare the figure of 54 per cent. of the blood pressure 
which was postulated from Series I as an approximation to the ophthalmic 
arterial pressure after carotid ligation, with the more accurate measurement of 
50 per cent. from the present series. 


Clinical Aspects of Carotid Occlusion 


Before attempting to assess the significance of these experiments, it is 
necessary to review certain aspects of the syndrome of carotid occlusion. 


(1) Historical Survey.—It seems that Thomas Willis (1683) knew of carotid 
artery occlusion. In his ““Two Discourses concerning the Soul of Brutes”’, 
he describes an autopsy where the internal carotid and vertebral arteries of 
one side were both calcified. The patient had not suffered from any 
“astonishing disease”’ before death. 

Two centuries later the pathological entity described by Thomas Willis 
was becoming a more frequent diagnosis. Kussmaul (1872) and Penzoldt 
(1881) both recorded cases mainly diagnosed post mortem but occasionally 
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suspected during life. They both recognized a form of “carotid hemi- 
plegia” where optic atrophy on the side of the occluded carotid was associated 
with a crossed hemiplegia. Penzoldt also recorded the case of a patient who 
had complained of transient attacks of blindness which was diagnosed during 
life by the absence of pulsation in the cervical carotid of the corresponding 
side. This case was verified post mortem. 

Following these Continental writers relatively little interest was shown in 
the English-speaking countries. 

A case was reported by Cushing (1900), but he unfortunately did not state 
whether the affected vessel was the common or internal carotid. 

Guthrie and Mayou (1908) also reported a patient with internal carotid 
thrombosis who had optic atrophy associated with a crossed hemiplegia, but 
it remained for Hunt (1914) to establish the syndrome of carotid hemi- 
plegia and to issue a warning that the condition was more common than was 
generally realized. 

This warning went almost unheeded: one case was reported by Hyland 
(1933), but it was only after an angiographic demonstration of carotid occlu- 
sion by Egas Moniz (1927) that the diagnosis came to be made frequently and 
while the patient was still alive. 

Cases were reported by Riechert (1938), Chao, Kwan, Lyman, and Loucks 
(1938), Sorgo (1939), Galdston, Govons, Wortis, Steele, and Taylor (1941), 
and King and Langworthy (1941). Most of these had been diagnosed by 
angiography, although many were suspected on clinical grounds. Further- 
more, it was rapidly being realized that the classical complex of optic atrophy 
and crossed hemiplegia was not always present. 

It remained for Hultquist (1942) to show, from the results of 1,400 un- 
selected autopsies, that thrombosis of a carotid artery, present in 3 per cent. 
had often been completely unsuspected during life. Indeed, in cases of 
internal carotid occlusion below the level of the ophthalmic artery, only a 
third showed cerebral damage. 

Thence forward many other workers reported the condition. Amongst 
these were Erikson (1943) and Andrell (1943), who particularly stressed the 
visual symptoms. Krayenbihl and Weber (1944) reintroduced the technique 
of ophthalmodynamometry (Bailliart, 1917) as a diagnostic weapon but, 
although they reported encouraging results and all their cases were confirmed 
by angiography, their lead was not followed for some time. Further cases 
were reported by Wolfe (1948); Ameli and Ashby (1949); and de Jong (1949), 
and the subject was reviewed by Sugar, Webster, and Gurdjian (1950), who 
defined no less than four clinical types: 

; (a) An explosive type, leading to a major cerebrovascular accident, and often 
atal. 

(b) A slowly progressive type of more gradual onset, frequently presenting as 
transient attacks of hemiplegia that became permanent. 
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(c) Thrombosis of the types recorded above, but with visual symptoms. 
(d) A silent type, found quite unexpectedly. 


Denny-Brown (1951) explained the transient symptoms sometimes seen 
by his theory of haemodynamic crises, and Shapiro (1952) gave details of the 
anastomotic pathways between the ophthalmic artery and the external carotid 
that might enlarge in carotid occlusion. 

Other contributions came from Cloake (1951), who reviewed the subject, 
Elvidge and Werner (1951), Wagener (1952), Poppen and Baird (1952), who 
compared the effects of pathological occlusion of the artery with those of 
surgical ligation, Chambers (1954), Ochs, Sensenbach, and Madison (1954), 
and Shapiro and Peyton (1954) who gave a most concise and lucid review of 
the whole syndrome. 

A notable contribution was that of Fisher (1951, 1952, 1954), who has made 
an extensive study of the problem. He showed that, in addition to the four 
types of onset enumerated by Sugar and others, there were groups of patients 
presenting as cases of cerebral tumour or psychiatric disturbance who were 
also suffering from carotid occlusion. Fisher also reviewed some of the 
visual symptoms found in these cases, and this work will be considered in the 
next section. 

The commonest site for the obstruction was in the internal carotid just 
distal to the carotid sinus, the carotid syphon being the next in order of 
frequency, although no part of the artery was exempt from atherosclerotic 
changes (Samuel, 1956). Indeed the local pathology was found to be 
atherosclerosis in the overwhelming majority of cases (Hultquist, 1942; 
Fisher, 1951, 1954; Cloake, 1951; Yates, 1954; Hutchinson and Yates, 1956, 
1957; Samuel, 1956), and this has been confirmed by specimens removed at 
operation (Strully, Hurwitt, and Blankenberg, 1953; Eastcott, Pickering, and 
Rob, 1954; Denman, Ehni, and Duty, 1955; Edwards and Rob, 1956; 
Cooley, Al-Naaman, and Carton, 1956; and Lin, Javid, and Doyle, 1956). 

It seemed remarkable that a lesion fairly constant in position should give 
rise to such a multiplicity of symptoms, and Hutchinson and Yates (1956, 
1957) recalled, as had done Denny-Brown (1951), that atherosclerosis is a 
generalized disease, and that arteries other than the carotid might also be 
involved in the disease process. They therefore made a search for signs of 
sclerosis in the vertebral arteries. 

So heavily involved were these vessels in patients previously thought of 
only as cases of carotid occlusion, that Hutchinson and Yates suggested that 
the two conditions should not be considered as separate entities but always 
together. 

For this clinico-pathological combination they proposed the term “‘caro- 
tico-vertebral stenosis”. It seems likely that the several modes of onset and 
clinical pictures described for carotid occlusion could be explained by various 
degrees of obstruction also existing in the vertebral arteries. 
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(2) Visual Lesions in Carotid Occlusion.—It has long been known (Kussmaul, 
1872; Penzoldt, 1881; Gowers, 1893; Siegrist, 1900) that occlusion of the 
carotid, whether surgical or pathological, may give rise to visual symptoms. 
Indeed, optic atrophy was an essential component of the syndrome of carotid 
hemiplegia (Hunt, 1914) and, although other ophthalmic symptoms (such as 
strabismus, ptosis, and pupillary abnormalities) were reported (Siegrist, 
1900), it was only after the introduction of angiography in the diagnosis of 
the condition (Egas Moniz, 1927) that visual lesions other than optic atrophy 
came to notice in any quantity. 

These were well summarized by Johnson and Walker (1951), who collected 
all the cases that had been reported up to that date. They concluded that the 
two commonest lesions were homonymous hemianopia and uniocular 
blindness, although diplopia, ptosis, papilloedema, and pupillary changes did 
occur. Of these, it is felt that only uniocular blindness can be related directly 
to pressure changes in the ophthalmic artery, and this alone will be discussed 
in detail. As has been mentioned already, homonymous hemianopia, the 
commonest visual lesion, has been ascribed with some certainty to lesions 
affecting the deep optic branches of the middle cerebral artery (Walsh and 
Smith, 1952). 

Uniocular blindness may be transient or permanent; each will be considered 
separately. 


(a) Transient Amaurosis.—Penzoldt (1881) was probably the first to asso- 
ciate attacks of transient amaurosis with carotid occlusion. Gowers (1893) 
made no mention of them, but Siegrist (1900) reported them following ligation 
of the carotid. Medical literature from this period shows, however, that 
attacks of transient blindness were well known, but were all considered to be 
cases of central retinal artery embolism (Mauthner, 1874; Loring, 1874; 
Nettleship, 1879; Priestley Smith, 1884; Coats, 1906; Werner, 1913; and more 
recently Minton, 1936). 

Only after Egas Moniz (1927) introduced angiography in the diagnosis of 
carotid occlusion was the link between it and transient amaurosis appreciated, 
and that not rapidly. Andrell (1943) reported a case of transient amaurosis 
associated with attacks of transient hemiplegia which was proven angio- 
graphically, but Johnson and Walker (1951) found only five cases out of 107 
with transient amaurosis as a premonitory symptom, and Wagener (1952) 
questioned the association of the two conditions, although Denny-Brown had 
no doubt. 

It remained for Fisher (1952), in a comprehensive review, to collect 150 
cases that could fall into the category of transient blindness, mostly 
uniocular, and to show the association between this and contralateral hemi- 
plegia. He produced seven cases of his own to support this contention, but 
the diagnosis was onlycertainly confirmed in two of these, and was based on 
the absence of pulsation over the cervical carotid in another three. 

2 
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That Wagener’s doubt was justified there can be no gainsaying. All the 
evidence produced showed that the association of the two conditions might be 
irregular to say the least. Attacks of transient amaurosis could come on 
quite unassociated with the hemiplegic symptoms. They could number 
several a day orafewina year. Furthermore they often stopped completely 
when the hemiplegic symptoms became permanent, or more contrarily, 
transient attacks of blindness associated with hemiplegia progressed to 
permanent optic atrophy as the attacks of hemiplegia stopped. 

These facts prompted Walsh and Smith (1952) to state that homolateral 
blindness, either permanent or temporary, could be the only symptoms of 
carotid occlusion, a fact that was demonstrated very clearly by Gordon (1959). 

With the increasing recognition of transient amaurosis as part of the carotid 
occlusion complex, reports of its frequency have varied. At first barely 5 
per cent. of cases were thought to suffer from it, but this figure is probably too 
low. Conversely, Gordon’s impression may be too high, as much of his 
material came from Moorfields. The true figure is probably nearer 10 percent. 

Theories for the mechanism of this interesting, and for the patient 
extremely alarming, condition are several. 

It has been suggested that multiple emboli are the cause. These tempor- 
arily occlude the mouth of the central retinal artery, and then sweep on down 
the ophthalmic artery. However, no damage to other parts of the ophthalmic 
circulation has been reported. This explanation was invoked (and later 
discarded) by Loring (1874) and others to account for the recovery of vision 
sometimes seen after what was then recognized as embolism of the central 
retinal artery. Gordon (1959) points out that the stereotyped nature of the 
episodes counts heavily against it. 

Recently this theory has been given fresh impetus by Fisher (1959), sup- 
ported by Denny-Brown (1960). These workers contend that recurrent 
emboli composed of fibrin are the cause of the amaurotic episodes. These 
emboli presumably arise at the site of the atheromatous plaque in the carotid, 
and Denny-Brown (1960) claims to have produced similar embolic plugs by 
damaging the middle cerebral artery of monkeys. The ultimate fate of the 
emboli is less certain; they seem to diminish in size and to be fragmented and 
dissolved in the circulation. 

In spite of the initial attraction of this explanation, there are at least two 
major objections. First, Fisher has observed only one patient with this 
phenomenon, and similarity to Fisher’s case is not a striking feature of the 
reports of other physicians who have observed attacks of transient amaurosis 
ophthalmoscopically. Fisher himself draws attention to this point. 
Secondly, the time relationship of Fisher’s case does not fit in with that norm- 
ally observed. The commonest type of amaurotic attack lasts for only a few 
minutes, sometimes for only 30 seconds and very frequently not more than 
5 minutes. In Fisher’s case there was a gradual restoration of vision over a 
period of 50 minutes. From this a further point may be raised. Fisher’s 





PRESSURE CHANGES IN THE OPHTHALMIC ARTERY 19 


patient recovered his vision sector by sector as the presumed fibrin plug was 
fragmented and ‘swept towards the periphery. This is not the usual ex- 
perience. Normally vision is suddenly totally lost, and often equally suddenly 
regained. At other times vision returns more slowly, as through a mist, but 
the whole visual field returns evenly. It is rare for patients to describe their 
vision as returning quadrant by quadrant. 

The two remaining and most strongly favoured theories are vascular 
spasm, as postulated by Fisher (1952) and supported by Wagener (1952), 
Yates (1954), and Hutchinson and Yates (1957), and redistribution of the 
blood stream, as postulated by Denny-Brown (1951) in his theory of haemo- 
dynamic crises, supported in turn by Eastcott, Pickering, and Rob (1954), 
Wood and Toole (1957), and Symonds (1955). 

The evidence of those who have actually observed a patient in one of these 
attacks casts doubt on the theory of spasm. Mauthner (1874), Werner 
(1913), and Hollenhorst (1959) reported how the retinal vessels immediately 
before and after an attack were of normal appearance, but became empty as 
soon as vision was lost. Mauthner called this “‘a sudden anaemia of the 
retinal arteries”. Alternately the vessels became empty after the most 
delicate pressure on the globe. Hollenhorst describes such a case as this. 
He attempted dynamometry, but the retinal vessels became almost invisible 
as soon as he applied the instrument to the eye, yet as soon as vision returned 
so did the blood flow, and the vessels immediately resumed their normal 
appearance. There was no gradual relaxation of spasmic contraction, nor 
did the patient complain of any other symptoms. The whole phenomenon 
resembled a purely passive emptying and filling of the vessels. The normal 
appearance of the vessels between the attacks has also been confirmed by 
Walsh (1957), although he never actually saw his patient during an attack. 

The theory of haemodynamic crises, however, gains some support from the 
fact that some, but not many, sufferers from transient amaurosis have 
pathological lesions elsewhere in the body that might cause diversions of the 
blood stream in times of crisis. Furthermore, attempts to reproduce haemo- 
dynamic crises clinically have not been convincing (Denny-Brown, 1960). 

Neither of these last two theories has any direct experimental evidence to 
support it, and there is very little clinical evidence and that mostly negative. 

Attacks resembling transient amaurosis have been produced experimentally 
by subjecting volunteers to the effects of centrifugal force. When the systolic 
blood pressure at head level was reduced to 20 mm. Hg blindness occurred, 
vision returning when the pressure rose above this level (Behrman, 1951). 
The blindness was of course bilateral and, while the results are suggestive, it 
must be recalled that the whole of the visual pathway, not just the ophthalmic 
artery, was also subjected to this blood pressure with unknown effect. 

As already stated, the information given by ophthalmodynamometry, 
although interesting, is not sufficiently accurate to be of great value in a 
problem such as this; indeed further information on the pressure changes in 
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the ophthalmic circulation during carotid occlusion is badly needed, as many 
of the theories discussed above can muster but slender ‘evidence in their 
support. 


(b) Optic Atrophy.—The literature on the association of unilateral optic 
atrophy with crossed hemiplegia is indeed the history of carotid hemiplegia, 
which has already been briefly related above. There are, however, certain 
points requiring further discussion. 

The term optic atrophy describes the end-result that covers a wide range of 
appearances seen immediately after the occlusion. Although the eye may 
be blind at this stage, its appearance may vary from complete normality to 
one of gross arteriosclerotic involvement, superimposed upon which may be 
the signs of central retinal artery occlusion in any degree of severity. 

Whether the optic atrophy develops after attacks of transient amaurosis or 
not, it may be the only sign to indicate the diagnosis; and the condition may 
indeed be regarded purely as a central retinal artery occlusion. This point 
was mentioned by Walsh (1957), and has recently been dramatically demon- 
strated by Pickering (1958). 

Two main theories have been advanced to explain the development of 
optic atrophy in carotid occlusion. 

The original theory of carotid hemiplegia was that the thrombus extended 
up the carotid artery all the way to the ophthalmic artery and directly in- 
volved the central artery of the retina. 

The alternative theory was that of embolism from the thrombus in the 
carotid to the central retinal artery. 

That extension of the clot from the carotid to the eye does occur has been 
proven at post mortem many times (Kussmaul, 1872; Penzoldt, 1881; and 
many others). That it is not the only cause of the blindness seen in carotid 
hemiplegia is equally certain. However inaccurate the results of ophthal- 
modynamometry are thought to be, they certainly show that in the vast 
majority of cases blood is found to be pulsating through the central retinal 
artery far too soon for recanalization to have taken place in the thrombosed 
vessel. Some other explanation must be found for these cases. 

As an alternative, embolism would seem more attractive, either from a 
mural thrombus, or as a piece detached from a propagated clot. This 
would explain those cases of blindness associated with incomplete carotid 
stenosis, but is not completely satisfactory. In cases of carotid obstruction 
with optic atrophy but no other abnormality, it may be argued that the central 
retinal artery is the only end artery among the branches of the ophthalmic, 
and therefore the only one to give rise to ischaemic symptoms on occlusion; 
there are however many branches that have but a poor anastomosis with their 
neighbours, for example the choroidal vessels (Wybar, 1954), and it may be 
doubted whether their collateral circulation would stand up to complete 
occlusion without some ischaemic manifestations. None has been reported. 
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It seems hardly credible that the embolus should always pass down the 
central retinal artery and go nowhere else. 

Reliable information on the pressure changes in the ophthalmic artery in 
carotid occlusion would be of considerable value in the reassessment of this 
problem. 


(3) Diagnostic Methods.—Although clinical methods of establishing the 
diagnosis must remain pre-eminent, and indeed none would wish that it 
should be otherwise, two ancillary methods of diagnosis are of value in this 
condition, and each will be discussed in turn. 


(a) Angiography.—When Egas Moniz (1927) introduced angiography in 
the diagnosis of cerebrovascular disease, a powerful new method was 
established of elucidating neurological problems. In his monograph (Egas 

‘Moniz, 1934), he enlarged and expanded his previous work, giving detailed 
accounts of technique, results, and complications, and mentioned that the 
ophthalmic artery was visible in about 50 per cent. of carotid angiograms, 
a figure that has been confirmed (Walsh and Smith, 1952). Egas Moniz, 
Lima, and de Lacerda (1937) were the first to report the diagnosis of internal 
carotid occlusion by angiography. This paper marked the beginning of a 
new epoch in the understanding of the condition, and the literature on radio- 
logical diagnosis must of necessity coincide with that of carotid occlusion from 
that date. 

Apart from its immense diagnostic significance, angiography has also been 
of great value in investigating the pathways taken by the collateral circulation 
in carotid occlusion. 

Anatomical studies by Fisher (1913), Lowrey (1916), Stopford (1916), 
Riggs and Griffiths (1938), Padget (1944), and Alpers, Berry, and Paddison 
(1959) have shown that irregularities in the circle of Willis are not uncommon, 
and the findings of these workers are fairly conformable. The artery most 
likely to be deficient is the posterior communicating, abnormality in the 
anterior communicating being much rarer. It seems clear also, from the 
evidence that Padget produced from a very large survey, that abnormalities 
of the circle of Willis are commoner in patients suffering from psychiatric 
disturbances or intracranial aneurysm. Sugar (1951) gave embryological 
explanations for these anomalies. 

Cerebral angiography has shown from its inception that such anatomical 
irregularities are common. Under normal circumstances radio-opaque 
material injected into the common carotid would be seen only in the branches 
of that vessel. There would be no mixing in the circle of Willis with blood 
from other components. Torkildsen and Koppang (1951), however, showed 
that, in cases of carotid occlusion, angiography performed on the normal 
side could produce filling of the anterior and middle cerebral arteries of the 
occluded side—via the anterior communicating artery. 
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This subject was taken up by Mount and Taveras (1957), who confirmed 
the findings of the anatomists, that the anterior communicating artery was a 
greater and more reliable source of collateral circulation than the posterior 
communicating. 

A further source of collateral supply to the circle of Willis revealed by 
angiography is the reversed flow down the ophthalmic artery. The source 
of this blood is of course the external carotid artery via its rich anastomosis 
with the ophthalmic artery. This pathway was originally demonstrated by 
the experimental work of Elschnig (1893) and was also mentioned by Gowers 
(1893). 

Angiographic proof that this is indeed a functional pathway was furnished 
by Marx (1949), Seaman, Page, and German (1949), Denny-Brown (1951), 
Sachs (1954), and Taveras, Mount, and Friedenberg (1954). Denny-Brown 
stated that he had never seen the anastomosis to be working less than 6 weeks 
from the time of occlusion. Of all the branches of the external carotid 
involved (Francois and Neetens, 1954; Mount and Taveras, 1957), the greatest 
flow is through the maxillary artery, and this is fed into the middle cerebral. 
Even when the anastomosis is well developed, the anterior cerebral receives 
its blood from the internal carotid of the other side via the anterior com- 


municating artery. 


(b) Ophthalmodynamometry.—-This technique was popularized first by 
Bailliart (1917), and later by Magitot (1922). It was introduced as a means 
of measuring the pressure in the central retinal artery, but Duke-Elder ex- 
posed the fallacies of the method, pointing out that external pressure on the 
eye would cause a build-up of pressure in the central retinal artery until the 
pressure in the ophthalmic artery was reached, and that this, not the pressure 
in the central retinal artery, was what was measured by the technique. 

Quite apart from this fundamental misconception, Duke-Elder (1926) also 
pointed out that such factors as intra-ocular pressure, scleral rigidity, and the 
direction of thrust of the ophthalmodynamometer piston, should all be taken 
into account. 

Following these criticisms the technique was not employed to any degree in 
either the United Kingdom or the United States, although some Continental 
workers continued to use it. 

With the more widespread recognition of the carotid occlusion complex 
which followed the introduction of angiography, ophthalmodynamometry 
again came to be considered as a diagnostic weapon. Many of the argu- 
ments levelled against it in the past no longer applied when it was used purely 
as a method of comparing the ophthalmic artery pressures of the two eyes of 
one patient. In most cases the two eyes are fairly alike in respect of such 
factors as size, shape, scleral rigidity, and intra-ocular pressure. 

Indeed, reports of the value of the technique in the diagnosis of carotid 
occlusion soon appeared (Krayenbiihl and Weber, 1944; Drew and 
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Petrohelos, 1951, 1953; Thomas and Petrohelos, 1953), and Milletti (1950) 
showed that similar results could be obtained from external compression of 
the common carotid artery in the neck. 

These findings have been confirmed (Svien and Hollenhorst, 1956; Heyman, 
Karp, and Bloor, 1957; Wood and Toole, 1957), and Spalter (1959) has 
added to the growing list of cases of carotid occlusion diagnosed by this 
method. An important contribution in Spalter’s paper was his estimation of 
the accuracy of the procedure, and of the limits of experimental error to be 
expected in readings from the two eyes. He stated that a difference of more 
than 15 per cent. for the systolic, and 10 per cent. for the diastolic readings 
from the two eyes was to be considered significant. 

Unfortunately, this is too large an error to allow anything but general 
inferences to be drawn from the results. The dynamometer gives results that 
suggest that the ophthalmic artery pressure is reduced to almost half its 
previous level in cases of carotid occlusion, but however suggestive these 
results may be, no firm conclusions can be drawn until a more accurate 
method of measuring the ophthalmic artery pressure is available. 


Possible Clinical Significance of These Experiments 


Earlier in this paper the dangers of drawing conclusions from animal 
experiments and applying them to man have been stressed. However, while 
such a process is dangerous, it is not necessarily impossible, provided that 
certain basic reservations are constantly borne in mind. 

The theories accounting for the transient amaurosis and optic atrophy seen 
in carotid occlusion have been briefly analysed above. Apart from those 
well-established cases where the thrombus extended from the internal carotid 
to the central retinal artery, the explanations offered are somewhat specious, 
and as they have to account for all the cases of transient amaurosis and most 
of those of optic atrophy this is clearly a most unsatisfactory position. The 
theory propounded below is offered as an alternative. 

The anatomy of the carotid arteries and the circle of Willis in the rabbit is 
not exactly the same as that in man, but is sufficiently close for it to be un- 
deniable that pressure changes consequent on carotid ligation might be of a 
similar nature in both species. é 

Evidence has been produced above that in the rabbit the pressure in the 
ophthalmic artery is closely identified with that distal to a ligature round the 
ipsilateral common carotid artery, and from the anatomical evidence already 
given, it is again undeniable that a similar situation might exist in man. 

To carry this hypothesis a stage further, let it be supposed that the variations 
in pressure distal to a block in the common carotid, as described by Sweet and 
his colleagues, could be accurately mirrored by a similar pressure in the oph- 
thalmic artery. If this were so, then an average fall of 50 per cent. in pressure 
in the carotid would give a similar average drop in the ophthalmic artery. 
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It must be emphasized that this figure of 50 per cent. is indeed an averag: 
finding; readings considerably less than this have been reported (Sweet and 
Bennett, 1948; Sweet, Sarnoff, and Bakay, 1950; Johnson, 1953; Woodhall, 
Odom, Bloor, and Golden, 1953), in some cases as low as 30 per cent. 

Assuming a systolic blood pressure of 120 mm. Hg, this would give a pres- 
sure in the ophthalmic artery of only 36 mm. Hg after occluding the common 
carotid. 

The work of Duke-Elder may now be recalled again. His investigations on 
the cat showed that there was a drop of 25 per cent. in pressure from the oph- 
thalmic to the central retinal artery. 

For want of any other reliable figures on this problem, and purely as part 
of a hypothetical argument, these measurements from the cat will be applied 
to the present theory. 

Thus a pressure of 36 mm. Hg in the ophthalmic artery would give rise to a 
pressure of only 27 mm. Hg in the central retinal artery. 

This figure approaches the normal intra-ocular pressure. 

It would seem then, that the transient amaurosis and optic atrophy 
associated with carotid occlusion could be explained on a simple pressure 
basis, without need to invoke the theories of embolism, haemodynamic 
crisis, Or vasospasm. 

It is suggested that these uniocular visual lesions occur because the 
pressure in the central retinal artery falls so low that it is either less than the 
intra-ocular pressure, or not great enough to satisfy the metabolic require- 
ments of the retina. 

Provided that this ischaemic period is short, the result will be transient 
amaurosis. If, however, it is so prolonged as to produce permanent damage 
to the retinal neurones, then the result will be optic atrophy. 

It is admitted that this theory is based on a series of assumptions that may, 
or may not, subsequently prove to be false. Nevertheless, it is claimed that 
there is more evidence for it than for the theories of vasospasm, recurrent 
embolism, or haemodynamic crisis. 


Conclusions 


(1) The systemic blood pressure, estimated in 66 rabbits by the method 
described, averaged 108 mm. Hg. 


(2) The systolic pressure in the superior ophthalmic artery is within 5 mm. 
Hg of the systemic blood pressure. 


(3) Ligation of the common carotid artery produces an average fall of 50 
per cent. in the arterial pressure distal to the occlusion. 


(4) The pressure in the superior ophthalmic artery of the ligated side is 
within 5 mm. Hg of the pressure distal to the carotid occlusion. 
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The experiments described in this paper were carried out in the Department of Pathology, 
Manchester University. 

The author wishes to record his extreme debt to Professor A. C. P. Campbell, not only for 
allowing him the freedom of his department although employed elsewhere, but for his constant 
encouragement and advice. 

Valuable technical assistance was given by Dr. A. Nicol of the Department of Pathology, and 
the illustrations were the painstaking work of the Department of Medical Illustration of Manchester 
Royal Infirmary, to both of whom the author gladly records his thanks. 
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PENICILLIN-STREPTOMYCIN-GELATINE DISCS IN THE 
TREATMENT OF HYPOPYON ULCERS* 


BY 


A. D. GROVER 
M.U. Institute of Ophthalmology, Aligarh, India 


Mu es (1894) wrote that “where the action of micro-organisms on an 
abraded surface may cause or is causing destructive changes, the indication 
would be to remove the irritating element and allow the natural process of 
repair to heal the breach of surface”... Thus the best results are likely to be 
achieved by that mode of administration which will give the maximum 
concentration of the drug in the anterior segment of the eye, especially the 
cornea. Since the advent of the sulphonamides and antibiotics, attempts 
have been made to treat corneal ulcers by parenteral, subconjunctival, and 
topical administration of these drugs. Penicillin is active against Gram- 
positive, and streptomycin mainly against Gram-negative organisms. The 
combination of these two antibiotics has a wide range of activity and has been 
commonly used in the treatment of corneal ulcers. 

Streptomycin, being fat-insoluble, penetrates the permeable membranes 
with difficulty and its passage from plasma to aqueous is very poor. With 
systemic administration the concentration of streptomycin in the ocular 
tissues is very low (Leopold, 1950). The level of penicillin in the aqueous 
humour after massive systemic administration is distinctly lower than that 
obtained by subconjunctival injection or even by the use of penicillin oint- 
ment (Sorsby, 1948). The cornea has the added disadvantage that its 
nutrition is especially poor in the central part, where most of the ulcers occur. 
Penicillin and streptomycin administered systemically are, therefore, 
ineffective in the treatment of corneal ulcers, except in so far as they control 
the inflammation of the tissues around the eyeball. 

Subconjunctival injections of the antibiotics give a suitable concentration 
in the eye for combating the intra-ocular infections and rapid improvement 
can be achieved in this way (Bignell, 1951; Clark and Locatcher-Khorazo, 
1951; Sorsby and others, 1952). Penicillin (Sorsby and Ungar, 1948) and 
streptomycin (Sorsby, Ungar, and Bailey, 1952) are suitable for subcon- 
junctival injection as they are readily soluble in water and only slightly 
Irritant. 

Penicillin and streptomycin penetrate the intact corneal epithelium with 
difficulty if administered as drops or ointment. When the epithelium is 
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abraded the penetration is considerably increased and one would therefor: 
expect local treatment to be effective in corneal ulcers. Eyedrops disappear 
from the conjunctival sac in a matter of minutes and the optimum concen- 
tration for an adequate length of time is not obtainable in this way (Ridley, 
1931). If ointments are used, the drug is embedded in the ointment base 
and its release from the latter is uncertain. In order to achieve good results 
large quantities of the drug should remain in contact with the ulcerated 
cornea for a long period. Cameron (1949) applied sulphacetamide powder 
locally to the cornea in cases of hypopyon ulcer and obtained good results; 
but these were all cases of “‘corneal abrasions which showed infiltration at 
the site of injury with an inflammatory reaction whether actual hypopyon 
was present or not”. Juler and Young (1945) placed solid penicillin on 
infected corneal ulcers with encouraging results. Mules (1894) placed a 
gelatine wafer impregnated with iodoform on the ulcerated corneal surface 
with good results. Huber (1934) used a contact shell carrying iodoform- 
cocaine dionine ointment for the treatment of corneal ulcers. Struble and 
Bellows (1944, 1946) have shown that a high concentration of penicillin in 
the anterior segment of the eye can be built up by the use of a corneal bath 
and they have advocated this procedure for the treatment of corneal ulcers, 
particularly if the deeper layers are involved. Klein and Millwood (1952) 
applied semisolid calcium alginate caps carrying chloramphenicol to rabbit 
eyes, but these caps caused slight irritation. However, streptomycin applied 
in glycerine-gelatine discs was found to be efficacious against experimental 
ocular infections (Klein and Millwood, 1953). 


In view of the above findings we tried gelatine discs containing penicillin 
and streptomycin in a series of cases of hypopyon ulcer. The results were 
compared with a group of similar cases treated with subconjunctival injections 
of these antibiotics. 


Method 


At the Gandhi Eye Hospital, Aligarh, 32 cases of hypopyon ulcer were divided 
into two random groups (by the use of random sample numbers). In one 
group gelatine discs containing penicillin and streptomycin were applied locally 
thrice daily and the other group was given subconjunctival injections of 0-5 g. 
streptomycin and 250,000 units penicillin with a few drops of mydricaine on 
alternate days. Bacteriological examination of the conjunctival sac and the 
ulcer area was done and the treatment was started immediately afterwards. The 
group treatment was continued whatever bacterial flora were present, because 
penicillin and streptomycin together are active against both Gram-positive and 
Gram-negative organisms. The treatment given to each case was determined 
solely by the random sample number. All the patients were given hot fomenta- 
tions twice daily and 1 per cent. atropine ointment thrice daily. No other medica- 
tion was administered locally or systemically. If improvement was not noticed 
within 48 hours of the start of the treatment the case was considered to be a 
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failure for that group. The treatment was continued until the ulcer no longer 
stained with fluorescein. The time taken by the hypopyon, slough, and staining 
to disappear was recorded. The condition of the cornea and the visual acuity 
at the time of discharge were noted. 

Preparation of Discs.—A 30 per cent. solution of gelatine was prepared and autoclaved. 
20 g. of streptomycin and 20 million units penicillin were added to 100 ml. gelatine solu- 
tion. A Perspex plate containing 10-mm. diameter holes rested on a sterile sheet of glass 
which was kept on ice. Gelatine solution containing the antibiotics was poured into the 
holes. The discs thus formed were stored at 4° C. and were used within 7 to 10 days. 


Results 


Details of the cases of hypopyon ulcer treated are given in Tables I and II 
(overleaf). 

Good Response.—Fourteen of the seventeen cases treated with penicillin- 
streptomycin-gelatine discs responded well (Table I). The hypopyon dis- 
appeared on an average in 3-61 days and corneal staining in 10-8 days. 
The mean visual acuity at the time of discharge was 3-8/60. 

Ten out of fifteen cases (66°6 per cent.) treated with subconjunctival 
injections of penicillin and streptomycin also gave a good response (Table II). 
The average time taken by the hypopyon to disappear was 3-11 days and 
corneal staining 11-66 days. The mean visual acuity at the time of discharge 
was 3-33/60. 


Satisfactory Response.—In Cases 10 and 12 (Table I), the immediate 
response was satisfactory. Hypopyon disappeared in 6 and 5 days respec- 
tively but the fluorescein staining persisted for more than 12 days and 
healing progressed very slowly. Carbolic cautery controlled the condition. 
Culture revealed B. proteus in each case. 

Cases 8 and 9 (Table II) did not tolerate the repeated subconjunctival 
injections though the initial response was satisfactory, and the treatment 
had to be continued with gelatine discs. The hypopyon took 9 and 6 days 
respectively to disappear. The causative organism was found to be Ps. 
pyocyaneus in Case 8 and Strept. viridans and Staph. aureus in Case 9. 


Unsatisfactory Response.—Case 4 (Table I) did not show a satisfactory 
response to the disc treatment; subconjunctival injections of penicillin and 
streptomycin were given, but the condition continued to deteriorate, and 
finally the eye had to be eviscerated. The causative organism was Ps. 
pyocyaneus. 

In Cases 10, 12, and 15 (Table II) the response after 48 hours was not 
satisfactory. In Case 10 carbolic cautery was done and in the others 
gelatine discs controlled the condition. The causative organism was 
Ps. pyocyaneus in Case 10 and Staph. albus in Case 12. Case 15 developed 
signs of panophthalmitis 24 hrs after the first subconjunctival injection, 
the pathogenic organism being Pneumococcus. 
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TABLE | 
SEVENTEEN CASES OF HYPOPYON ULCER TREATED BY GELATINE 
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DISCS CONTAINING PENICILLIN AND STREPTOMYCIN 





Duration of Duration of | Duration of | Visual Acuity | ,. ae 
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TABLE] 
FIFTEEN CASES OF HYPOPYON ULCER TREATED By 
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SUBCONJUNCTIVAL INJECTIONS OF PENICILLIN AND STREPTOMYCIN 
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Tolerance and Application. 


The discs caused no irritation and were weli tolerated by all the patients. 
The eye was usually white at the time of discharge. 

The application of the discs was simple as they could be easily slipped in 
under the eyelids which were then immediately bandaged. The only 
difficulty was that in very hot weather they melted too quickly. They were 
not spoiled by 7 to 10 days of storage; Klein and Millwood (1953) stored 
streptomycin-glycerine-gelatine discs for 30 days without loss of potency. 

In spite of adding a few drops of mydricaine, the subconjunctival injec- 
tions were painful, especially when they had to be repeated. The more 
the conjunctival inflammation the greater the pain. Conjunctival congestion 
persisted longer at the site of injection and a few petechial subconjunctival 
haemorrhages occurred. 

Two patients who refused the injections easily tolerated the discs. 

Table III shows a comparison of the results of the two types of treatment. 
In cases of mild and moderate degree of hypopyon (+ and + +) the average 
time taken by the hypopyon to disappear was slightly less in cases treated 
with subconjunctival injections; but corneal staining disappeared sooner 
and the average final visual acuity was better in cases treated with discs. 
In cases of severe hypopyon the response to the discs was satisfactory, but 
the subconjunctival injections failed. Thus the overail results with the disc 
treatment were slightly better, and the discs were well tolerated even by 
acutely inflamed eyes. 


CO wv_J  & fF. 65 = wee x 


Discussion 


The value of subconjunctival injections of penicillin and streptomycin in 
the treatment of hypopyon ulcers is well established (Sorsby and Reed, 


TABLE 
COMPARISON 





Treatment | Penicillin-Streptomycin-Gelatine Disc 





Degree of | No. of Cases with 
Hypopyon 2 | Of Hypopyon  |tionofStaining| Visual 
before Treatment | Good Response (days) (days) Acuity 
Mild (+) | 8 | 2-64 8-75 4-8/60 


Moderate (+ +) 3 | 4-66 | 14:3 | 3-6/60 


Severe (+ + +) 3% 6:00 14-00 Hand 
| movements | 


| | 
| Average Duration | Average Dura-| Mean | No. of 


Failures 




















14 | 3-61 | 10-80 | 3-8/60 | 


| 
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* One patient (No. 11) left against medical advice. 
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1947; Sundaresan, 1949; Sorsby and Burn, 1950; Sorsby, Ungar, and 
Bailey, 1952). 

Klein and Millwood (1953) found streptomycin-glycerine-gelatine discs 
efficacious against experimental corneal ulcers produced by Ps. pyocyaneus; 
only one-fifth of the quantity of streptomycin required for subconjunctival 
injections was necessary when administered in glycerine-gelatine discs. 

The results in a series of cases treated with penicillin-streptomycin-gelatine 
discs show that they are efficacious in the treatment of hypopyon ulcers. 
Healing occurred more quickly and the final visual acuity was better. By 
this method the antibiotic has a longer contact with the ulcerated cornea, 
and the micro-organisms are destroyed sooner, producing the ideal con- 
ditions for repair stated by Muler (1894). The slightly earlier disappearance 
of hypopyon in cases treated with subconjunctival injections may be due to 
the higher concentration of the antibiotics in the aqueous which is obtained. 
The discs cause no irritation and are well tolerated even by acutely inflamed 
eyes, which is not the case with subconjunctival injections. 


Summary 


Thirty-two cases of hypopyon ulcer of the cornea were divided into two 
random groups, one treated by penicillin-streptomycin-gelatine discs and 
the other by subconjunctival injections of penicillin and streptomycin. 

The medicated gelatine discs are easy to apply and are well tolerated by all 
patients, and the results obtained are as good or even slightly better than those 
obtained by subconjunctival injections. 


Iam grateful to Prof. B. R. Shukla, Director of the Institute, and Dr. Mohan Lal, Chief Medical 
Officer, Gandhi Eye Hospital, Aligarh, for their co-operation; to Dr. K. C. Agarwal for the 
bacteriological examination of the cases, to Dr. Hamida Saiduzzafar for her help, to Mr. J. P. 
Bansal for statistical assistance, and to Mr. K. C. Sharma for his help. 

The Uttar Pradesh Scientific Research Committee gave financial aid for this work. 
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No. of Cases with Average Duration of —— Mean Visual 
Good Response Hypopyon (days) (days) 8 Acuity 





5 2-22 9-60 | 42/60 





St 4:22 14-22 2:2/60 

















10 3-11 11-66 3-33/60 








t One patient (No. 14) left against medical advice. 
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EXPERIENCE WITH TWELVE CASES OF INTRA-OCULAR 
ANTERIOR CHAMBER IMPLANTS FOR APHAKIA* 


TWO NEW MODELS OF LENSES ARE DESCRIBED 
BY 


J. BOBERG-ANS 


From the Finsen Institute Eye Department} 
(Chief: O. Blegvad, M.D.) and from private practice, Denmark 


UNIOCULAR aphakia is a condition of artificial anisometropia which very 
often causes great annoyance to the sufferer, who finds the aphakic eye of little 
use if the other eye is normal, and often complains of lack of binocular func- 
tion and difficulty in judging distances, especially at close range. If contact 
lenses have been tried with unsatisfactory results, it seems justifiable especially 
in younger individuals, to alleviate the condition of uniocular aphakia by 
the insertion of an intra-ocular lens. 

The work of H. Ridley (1952, 1957) proved that it was possible for the eye 
to receive an intra-ocular lens with slight or no reaction. As the Ridley 
procedure entailed certain dangers, however, improvements have been 
effected by several successors including Arruga and Arruga (1953), Strampelli 
(1954), Bietti (1955), Barraquer Moner (1954), Schreck (1955), Apollonio 
(1956), Epstein (1957), and Lieb and Guerry (1957), using an anterior cham- 
ber lens. 

The simple rigid and uncomplicated con- 
struction of the Strampelli anterior chamber 
lens (Fig. 1) seemed to make this preferable to 
other types. In intracapsular lens extraction, 
the vitreous may prolapse through the pupil 
and if the vitreous touches the posterior sur- 
face of the cornea, the transparency of the 
latter will be damaged. An anterior chamber 
implant may therefore be of therapeutic value 
in preventing or curing this complication of 
herniated vitreous. 

The reports of Strampelli, Bietti, and Barraquer seemed very promising, 
and the fact that I had watched the introduction of the Strampelli lens by Dr. 
Joaquin Barraquer led us to choose this for our first cases. 


Fic. 1.—Strampelli intra-ocular 
lens. 


STRAMPELLI LENSES 


Case 1, a man born in 1896, was a trapeze artist who had had to give up his work because of 
a cataract in the right eye. 





* Received for publication January 11, 1960. 
t Closed in April, 1959. 
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His condition was unchanged by an extracapsular cataract extraction in August, 1956, 
and a 13-mm. Strampelli lens was inserted in December, 1956. Haemorrhage occurred 
on the ninth day, with a rise in ocular tension, and a discission of a secondary cataract, 
with removal of the 13-mm. lens and insertion of a 12-5-mm. lens, was carried out in 
February, 1957. The patient recovered without complications, and regained. a visuai 
acuity of 6/12 and binocular single vision (Fig. 2). 


Fic. 2.—Strampelli lens in place (Case 
1, right eye). 





He was able to resume his trapeze work, and 24 years later the visual acuity was un- 
changed and the cornea was clear. This patient’s left eye later became affected, and is 
discussed below (see Case 11). 


Case 2, a man born in 1902, had had a posterior polar cataract of the right eye for some 
years, the visual acuity being reduced to 2/60. 

An intracapsular cataract extraction was performed in September, 1957, and the visual 
acuity was improved to 6/6 with + 10-5 D sph., but with slight opacities and a rather large 
prolapse of the vitreous. 

In January, 1958, a 13-5-mm. Strampelli lens was inserted, and he was discharged on the 
tenth post-operative day with a visual acuity of 6/12, with -1-5 Dsph., -—1-5 Dcyl., axis 
80°. 

On the 17th day he returned with a collapsed anterior chamber and the iris bulging 
around the edges of the lens, which covered the pupil and prevented prolapse of the 
vitreous. The vitreous was visible in the large peripheral iridectomy at 12 o’clock. Three 
unsuccessful attempts were made to close suspected leakages in the subconjunctival scar. 
There was pronounced bulging of the iris around the edges of the lens. As soon as a 
transfixion was done in the lower iris bulge (April, 1958), the anterior chamber reformed 
and the eye quietened down, but the vitreous was now rather opaque, clearing slowly 
and permitting vision of only 5/60. The left eye remained normal. 

14 years later, the right eye was white but rather soft, with the iris bulging as before. 
The patient has been observed for 2 years. 


Case 3, a motor mechanic born in 1938, developed a traumatic cataract of the left eye in 
October, 1956. In September, 1957, synechiolysis and removal of the lens remnants 
resulted in a visual acuity of 6/6 with +11 D sph. 

In January, 1958, a 12-mm. Strampelli lens was inserted. In December, 1958, a 
secondary cataract was incised, giving a visual acuity of 6/6 with -1-5 D sph. The 
patient has been observed for 2 years and is thoroughly satisfied with the binocular func- 
tion essential in his work. 


Case 4, a man born in 1933, suffered from Besnier’s prurigo. An extracapsular cataract 
extraction performed in May, 1957, resulted in a visual acuity of 6/6 with + 10-5 D sph., 
+3 Dcyl., axis 35°. 
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In April, 1958, a 12-5-mm. Strampelli lens was inserted, and recovery was uneventful 
with a visual acuity of 6/9 with -3-5D sph. In February, 1959, an operation for a pro- 
nounced divergent squint resulted in a perfect ocular position with no diplopia and full 
restoration of binocular function. The patient has been observed for 21 months, 


FENESTRATED LENS 


Reasoning that the complication in Case 2 was due mainly to blockage of 
the pupil and interference with the normal intra-ocular circulation, we 
suggested that as large a perforation as possible should be made in the 
haptic part*. This modification (Fig. 3) was simultaneously suggested 
by Mr. John Cogan of Tunbridge Wells. 


Fic. 3.—Fenestrated lens. 





Case 5, a man born in 1933, developed a traumatic cataract of the left eye in 1952. Several 
discissions of secondary cataract in 1958 resulted in a visual acuity of 6/6 with +12 Dsph., 
and a divergent squint of 25°. 


In June, 1958, an iridotomy was performed and a 13-mm. Boberg—Cogan fenestrated 
lens was inserted. Recovery was uneventful and the visual acuity was 6/6 with -2 D 
sph., -2 D cyl., axis 20°, in the left eye, and 6/6 with —0-5 D cyl., axis 170°, in the right. 
An operation for squint gave a perfectly parallel position with no diplopia and normal 
binocular function for close range with spectacles. 


In June, 1959, the ocular tension rose and the iris appeared to be bulging around the lens. 
A transfixion at 12 o’clock was performed by Dr. E. Sebber of Copenhagen. Uneventful 
recovery resulted in a visual acuity of 6/9 in the left eye, the refraction and binocular func- 
tion being unchanged (Fig. 4), and the cornea clear. The patient has been observed for 18 
months. 


Fic. 4.—Fenestrated lens in place 
(Case 5, ieft eye). 








* The lenses were manufactured by Rayner and Keeler Ltd., 100 New Bond Street, London, W.1. 
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Case 6, a man born in 1900, underwent a cataract extraction of the right eye in 1956, when 
the final visual acuity was 6/6 with +13 D sph., +1 D cyl., axis 170°. 

In September, 1958, a 12-mm. Boberg—Cogan fenestrated lens was inserted into the 
right eye. Recovery was uneventful and the final visual acuity was 6/6, with — 1-75 Dcyl., 
axis 80° in the right eye, and 6/6 with +1-5Dsph.intheleft. The patient was thoroughly 
satisfied, and, with bifocals, was able to continue his work without difficulty. 

In September, 1959, after an attack of influenza, he developed iritis of the right eye. 
The usual treatment with cortisone, etc., resulted in a pale eye but the cornea became 
hazy, with changes in the sub-epithelial area. The corneal changes were a general affec- 
tion more likely to have been caused by the iridocycleisis than by the lens touching the 
posterior surface. The cornea was clearing slowly, but when the visual acuity was about 
6/12 the patient got a foreign body in the eye. He developed a very severe hypopyon 
ulcer, which subsequently cleared on treatment with antibiotics, but left a central corneal 
scar so that the visual acuity could not be improved beyond 6/60. The anterior chamber 
jens did not seem to affect the hypopyon or the course of the infection in the least. 


Case 7, a man born in 1892, had a dense cataract in the right eye and a normal left eye. 

In August, 1950, he underwent an intracapsular cataract extraction of the right eye, and 
the visual acuity was then 6/6, with +9-5 Dsph., +1-5 D cyl., axis 0°. 

In October, 1958, a 12-mm. Boberg—Cogan fenestrated lens was inserted. Recovery was 
uneventful apart from a temporary increase in tension. The visual acuity was 6/6 with 
-2:°5 D cyl., axis 115°. He wears bifocals and is quite satisfied. 


SEMI-RIGID FENESTRATED LENS 


It was thought that a rigid lens in the anterior chamber might—by reason 
of pressure, accidental trauma, or operation (e.g., for squint)—cause undesir- 
able damage to the anterior chamber angle and its structures. Therefore, it 
was thought advisable to alter the haptic part of the lens to obtain some 
elasticity, as suggested by Dannheim (1957). A nylon elastic sling forming a 
loop on either side of the lens has certain advantages, but if the length of the 
sling does not exactly correspond with the width of the anterior chamber it 
will exert a constant pressure in the angle of the anterior chamber and cause 
atrophy at this site. Also the position of the lens in the anterior chamber 
cannot be fixed exactly, and if the lens touches the posterior surface of the 
cornea, degeneration and opacity of this structure will ensue. Another 
difficulty is that the required power of the lens cannot be measured exactly 
because its position in the anterior chamber is not fixed. Because of these 
disadvantages a better model was sought. 

Apart from the slight elasticity the lens should be rigid and easy to handle. 
The last part to be introduced into the eye should be easily held by a pair of 
forceps, and the lens should maintain its position in spite of slight trauma or 
vibrations and should be supported by as little material as possible, not 
because of the weight nor because of the space that this support will occupy, 
but because of the importance of a free fluid circulation inside the anterior 


chamber. 
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The fenestrated lens was therefore altered; one side of the support of 
the pointed end was removed, and the remaining leg was thinned down to 
obtain sufficient elasticity to permit it to bend under slight pressure (Figs 5 


and 6). 


Fic. 5.—Semi-rigid fenestrated lens (side 
view). 


Fic. 6.—Semi-rigid fenestrated lens (full view). 


This semi-rigid fenestrated lens was inserted into five eyes. 


Case 8, a man born in 1888, developed a heterochromia of the left eye, and underwent an 
extracapsular cataract extraction elsewhere in February, 1950. 

Discission of a secondary cataract was carried out in January, 1958, and 5 days later a 
12-mm. Boberg semi-rigid fenestrated lens was inserted. The visual acuity was 6/9, with 
-0-5 D sph., 2:5 Dcyl., axis 70°, and binocular function was satisfactory. The patient 
has been observed for 2 years. 


Cases 9 and 10 (two eyes of one patient).—A woman born in 1928 had congenital cataract of 
both eyes, which were operated on elsewhere at the age of 11 years. The visual acuity was 
6/9, with +14 D sph., +1 Dcyl., axis 90°, in the right eye, and 6/9 with +14 Dsph., +1 
D cyl., axis 90°, in the left. 

In January, 1959, an 11-5-mm. Boberg semi-rigid fenestrated lens was inserted into the 
right eye and 2 weeks later a similar lens into the left, giving a visual acuity of 6/9, with 
-1Dsph., -2 D cyl., axis 130°, in the right eye, and 6/9, with —3-5 D sph., in the left. 
The patient is very happy to have got rid of her heavy glasses, and now has binocular 
vision, with glasses for distance, and is perfectly content from a cosmetic and working 
point of view without glasses (Fig. 7). The patient has been observed for 1 year. 


Fic. 7.—Semi-rigid fenestrated lens in 
place (Case 9, right eye). 
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Case 11.—The second eye of Case 1, developed a cataract in July, 1959, which prevented 
binocular function. 

An intracapsular cataract extraction was performed in August, 1959, and the visua! 
acuity was then 6/6 with +11°5Dsph., +1 Dcyl., axisO°. A 12-mm. Boberg semi-rigid 
fenestrated lens was introduced into the anterior chamber in December, 1959, and the 
patient had an uneventful recovery (Fig. 8). 


Fic. 8.—Semi-rigid fenestrated lens 
in place (Case 11, left eye). 


The visual acuity was 6/9, with 0-75 D sph., - 2-5 Dcyl., axis 160°, and perfect binocu- 
lar function. The patient has been observed for 6 months. 


‘ 


Case, 12, a man born in 1892, had a posterior capsular cataract in the left eye; the right 
eye was normal. The cataract was removed in September, 1959, and the visual acuity 
was improved to 6/6, with +12 Dsph., +1°5 Dcyl., axis 150°. A 13-mm. Boberg semi- 
rigid fenestrated Jens was inserted into the left eye, giving a visual acuity of 6/6, with 
-2Dsph., -2°5 Dcyl., axis 60°. The patient was quite satisfied and wore bifocals 
with comfort, but he unfortunately developed cancer and died 8 months after the second 
eye operation. The eye has been preserved for pathological examination, and a full 


report on it will be given in a later paper. 


These last five cases showed a very rapid recovery with practically no 
reaction from the eyes, and the new semi-rigid model was much more easily 


introduced into the eye than the previous models. 


Technique 


At a suitable interval—at least 10 weeks—after a cataract operation, the 
refraction is measured ; the distance from the anterior surface of the cornea to 
the posterior surface of the corrective lens is measured, together with the 
transverse diameter of the clear cornea, and an estimation is made of the dia- 
meter of the anterior chamber according to the procedure described by 
Barraquer (1956). Usually the diameter of the anterior chamber exceeds that 
of the cornea by 1-5 to 2mm. In all cases except the first, the lenses were 
supplied by Rayner and Co. in special containers. Sterilization was 
carried out by the method described by F. Ridley (1957). 
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Operation 


Pilocarpine eye drops are instilled 3 hours pre-operatively, and sedation is 
induced with barbiturates and phenergan. Retrobulbar analgesia is induced 
by a solution containing hyaluronidase but no adrenalin. Facial block is 
effected by the method of Atkinson (1955). An Arruga lid retractor prevents 
pressure on the globe. A bridle suture is inserted under the superior rectus. 
A limbal incision is made and enlarged with scissors to 8 or 9 mm, If 
vitreous fluid is expected air is injected into the anterior chamber before the 
introduction of the lens. 

While being introduced the lens is held as close to the base as possible by 
means of special forceps. The limbal incision is closed with five to eight 
virgin silk appositional sutures. Air is ‘njected into the anterior chamber in 
most cases. Atropine, cortisone, and antibiotics are used as necessary and 
the bandage is removed on the 4th day. 

In five of the cases reported above a limbus-based small conjunctival flap 
was found to be an advantage. The slight bleeding caused by this technique 
was easily staunched. Care was taken not to injure the posterior surface of 
the cornea. The latest model of the lens was especially easy to introduce. 
In only one instance (Case 1) was it necessary to replace the lens by a shorter 
model. In all cases it was very easy to rotate the lens so that its ends rested 
in the angle of the anterior chamber, away from the incision. 


Conclusions 


As the procedure of intra-ocular lens insertion is relatively easy, and causes 


little damage to the eye and little or no reaction, it seems justifiable to 
Suggest the insertion of anterior chamber lenses in cases of uniocular 


aphakia in patients who are dependent, to some extent, upon a binocular 
function. The risks involved and the advantages to be gained must, of 
course, be weighed up in each individual case. 


Summary 


Twelve cases are reported in which anterior chamber lenses were inserted 
into aphakic eyes. A description is given of two new models, one fenestrated 


and one semi-rigid fenestrated. 
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DARK ADAPTATION FOLLOWING EXPOSURE TO 
HIGH-LUMINANCE FLASHES* 


BY 
C. D. B. BRIDGES 


Visual Research Division, Ophthalmological Research Uni; “Medical Research Council), Institute 
of Ophthalmology, University af London 


CRAWFORD (1946) has found that the course of peripheral dark adaptation 
following exposure to flashes of light depended only upon the quantity of 
light entering the eye, and not upon its actual luminance (provided the flash 
duration does not exceed | sec.). The purpose of the present study was to 
find out whether this rule was applicable to high-luminance flashes. Appara- 
tus is described for exposing the eyes of dark-adapted subjects to flashes of 
luminance greater than 10° ft. L., and for measuring their effects on the 
peripheral visual threshold. 


Apparatus 


(1) Light Source.—The source of light was a xenon-filled, tungsten-electrode arc 
(Neron XBO 162). This arc had a luminance of 2-6 x 107 ft. L., and could be 
operated on 20 v. A.C. or D.C. In practice, it was ignited with A.C., then 
switched over to 24 v. 80 amp. hr lead-acid accumulators. Under these conditions 
the arc was found to be extremely stable throughout the course of the experiments. 


(2) Optical System 


(a) Production of Light-Adapting Flash.—Light from source S (Fig. 1, opposite) 
was focused by a lens L, in the plane of the adjustable slit s;. L, then focused the 
source at the Compur shutter t,, L; collimated the beam, which then passed through 
the 4-in. mixing cube C, and the source was finally brought to focus in the pupillary 
plane of the observer’s right eye by the lens Ly. 

The luminance of the flash was controlled by the neutral wedge W, and by 
neutral filters at F;. 


(b) Measurement of Dark Adaptation.—The source S was focused by L; in the 
plane of the adjustable slit s,; the beam was then collimated by Ls and deflected 
through successive right-angles by the silvered prisms P; and P,. The beam was 
stopped down to the required width by s3, focused by L;7 in the plane of the 
Compur shutter t,, collimated by Ls, deflected through the mixing cube C, and 
finally focused by L, in the pupillary plane of the observer’s right eye. Lo 
served simply as a spectacle lens. 





* Received for publication February 10, 1960. 








DARK ADAPTATION 
* 


+> Fixation system 
































Light -tight 
enclosure 





Fic. 1.—Diagrammatic scheme of apparatus. 


The luminance of this beam was controlled by the neutral wedge W, and a 
wheel F, carrying neutral filters ranging from density 0-25 to 9-75 in 0-25 log unit 


steps. 
The images of S formed by both optical systems coincided at the centre of the 
observer’s pupil, and since these images were small no artificial pupil was required. 


(3) Calibration 


(a) Neutral Wedges and Filters.—These were calibrated in the usual manner with 
a rotating sector and photomultiplier. The neutral filters of high optical density 
were made by combining low optical density filters. 


(b) Flash Luminance.—With the test field switched off, the luminance of the 
flash field (suitably reduced by means of filters) was photometrically compared 
with that of a magnesium oxide screen illuminated with a tungsten-filament 
source. A method of “forced-choice” was used, in which the observer was 
required to state whether the flash field was brighter or dimmer than the reference 
field. A rough match point was first obtained, and then twelve luminances, six 
brighter and six dimmer than this point, were each presented twelve times in random 
succession. The difference between each luminance level was 0-1 log unit, 
corresponding to the setting of W;. 

Percentage “‘brighter’’ responses were plotted versus optical density. A sig- 
moid curve ranging from 0-100 per cent. “brighter” was obtained, and the 50 
per cent. point was determined. This corresponded to the match point. 

In this manner, the maximum luminance of the flash field was found to be 
1-23 x 106 ft. L. (with a standard deviation of +0-04 log unit). 
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(c) Test Field Luminance.—The central 3° area of the flash field was stopped oui, 
and the test field size increased to 3°. The two fields were then matched directly. 


(d) Shutter Speeds.—Shutter t, was fitted with a pointer and graduated scaie. 
Times of opening for various shutter settings were recorded with a photo-mulii- 
plier and cathode ray tube. Times were found to be reproducible within 0-1 m.sec. 
Shutter t. was always used at the same setting, viz. 21-3 m.sec. 


(4) Observers.—The ages of the observers were respectively 22 yrs (A), 24 yrs (B), 
and 25 yrs (C). One female subject (D, aged 33 yrs) was also available, but except 
for one experiment proved to be unsuitable. None of the observers had previous 
experience of this type of work, and in each case it was necessary to carry out three 
or four familiarizing experiments. 

Observer D was a myope requiring +8 D sph. correction; this was allowed for 
in the selection of Lo. 


(5) Field Sizes.—The diameter of the flash field subtended an angle of 8-5° at the 
observers’ eyes; the test field appeared in the centre of this and subtended an 
angle of 0-5°._ A small red fixation cross (0-4° diameter) ensured that the coin- 
cident centres of these fields were 15° temporal from the visual axis. The luminance 
of this cross was maintained at a comfortable level by the observer. 


Procedure 


The observer was made to bite on his own dental impression carried on a 
metal plate attached to a three-dimensional adjustment. 

The experimental procedure was designed to measure the observer’s dark- 
adapted threshold for a 10-min. period, to expose the eye to the adapting flash, 
and then to measure the subsequent progress of dark adaptation until the threshold 
had dropped to the pre-flash level. 

Each threshold measurement was carried out in the following steps: 

(1) Operator rang warning bell. 

(2) Observer fixed red cross. 

(3) Three very dim 0-5° diameter, 21-3 m.sec. duration flashes were sent through the 
testing side. 

(4) Observer indicated how many flashes were seen by none, one, two, or three rings 
of his signal bell. 


If the observer saw all three flashes, their luminance was reduced and steps 
1 to 4 were repeated. Reduction of luminance and testing continued until the 
flashes were no longer visible. The luminance was finally adjusted until two 
flashes out of the three were reported as “seen”. The flash luminance at this 
point was taken as the threshold. 

Between groups of flashes the observer rested. The warning bell ensured the 
observer’s full attention and careful fixation during the 5-sec. period occupied by 
the flashes. 

In a typical experiment, the observer was dark adapted for 30 min., then his 
absolute threshold was measured at 1 min. intervals for 10 mins. After a 
warning, the flash shutter was released. Thresholds were then determined as 
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described, although the rapidity of adaptation in the few minutes following the 
flash made it necessary to preset the filters and wait until the testing flashes were 


reported as “‘seen”’. 
No adapting flash lasted longer than 91-2 m.sec., consequently the possibility of 
an observer’s involuntary blinking during a flash was excluded. 


Results 


(1) Fully Dark-adapted Threshold.—During each 10 min. pre-flash period, 
measured thresholds showed only a standard deviation ranging from 0-014 
to 0-060 log unit. Day-to-day variation was found to be somewhat greater, 
the threshold of Observer B having the largest day-to-day-standard devia- 
tion of 0-074 log unit. The observers’ mean thresholds and corresponding 
standard deviations are listed in Table I. 


TABLE I 
MEAN THRESHOLDS 





Standard Deviation 


Mean Dark-adapted 
(log ft. L.) 


Threshold (log ft. L.) No. of Measurements 


Observer 








3-316 
4-935 
3-180 
3-037 


0-060 
0-047 
0-074 











(2) Dark-adaptation Curves.—In this study each dark-adaptation curve is 


expressed in terms of the observer’s pre-flash threshold. In this way, 
results obtained on different days and with different observers are more 
easily compared. Furthermore, recovery times can be referred to certain 
multiples of the observer’s threshold rather than to units of luminance. 
Such recovery times then relate to the observer’s own visual capacity at low 
luminance levels. Fig. 2 (overleaf) shows a pair of dark-adaptation curves 
obtained with Observer A after exposure to 91-2-m.sec. duration flashes. 
As the luminance of the adapting flash is raised, ceteris paribus, the dark- 
adaptation curve takes longer to reach the pre-flash level. Fig. 2 shows the 
emergence of the rod-cone break at the higher luminance level. 


(3) Effect of Varying Luminance (L) and Duration (T) of Adapting Flash, 
keeping (LT) Constant.—Four typical dark-adaptation curves obtained with 
Observer C are shown in Fig. 3 (overleaf). Two of these were for an adapting 
flash of 8-24 x 105 ft. L. and 5-9-m.sec. duration, the other two were for a lum- 
inance of 5-35 x 104 ft. L. and 91-2-m.sec. duration. In each case, the value 
of LT was 4-86 x 103 ft. L. sec. 
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The pair of dark-adaptation curves shown in Fig. 4 (opposite) were similarly 
obtained with Observer A. These correspond to an LT of 4-86 x 104 ft. L. 
sec., for durations of 39-8 and 91-2 m.sec., and luminances of 1-23 x 106 and 
5-35 x 105 ft. L. respectively. 

Similar results were obtained with all observers for values of LT ranging 
from 9-97 x 102 ft. L. sec. to 1-12 x 105 ft. L. sec. Mean dark-adaptation 
curves for Observer A following exposure to flashes of various LT values 
are shown in Fig. 5 (overleaf). Luminances ranged from 1-09 x 104 ft. L. to 
1-23 x 109 ft. L. 

The dark-adaptation curves following exposure to flashes of constant LT 
showed quite a large threshold variation during the first 5 min. (40-05 to 
0-09 log unit), but at about 30 min. this variation diminished (+0-02 to 
0-03 log unit). The reverse, of course, holds true if one considers the times 
required to reach a given multiple of the mean pre-flash threshoid. Thus 
the standard deviation of the time required to reach 2-5 log units above 
threshold was +0-1 min., and increased to +0-4 to 0-5 min. for times 
required to reach 0-5 log unit above threshold. 
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LT values. 


(4) Relationship between Light-quantity (LT) in a Flash and the Time Course 
of Subsequent Dark Adaptation.—The times required to reach 1-5, 1-0, and 
0-5 log units above the mean pre-flash threshold are plotted against LT in 
Fig. 6a, b, c (opposite). For a given observer, it may be seen that the relation- 
ship between these two quantities is of the form: 

logt,=xlogLT+y ..... ..-@d) 


where t, =time in seconds required to reach « log units 
_ above the mean pre-flash threshold, 


LT =luminance multiplied by the time of the flash, 
and x and y are constants. 


The constants x and y have fixed values for a given observer and a given 
value of «. Their values are listed in Table II (opposite). 


Discussion and Conclusions 


In the work of Crawford (1946), durations of exposure to the adapting 
light ranged from 0-009 to 900 sec. The parafoveal recovery process 
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Fic. 6.—Relationship between the light-quantity LT in a flash and the time-course of subsequent 
dark adaptation. The ordinates are log (time required to reach « log units above the mean 
pre-flash threshold). Crawford’s data have been calculated from the published dark-adaptation 
curves (Crawford, 1946). 
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depended on the quantity of light entering the eye, provided the duratio. 
did not exceed 1 sec. In the present work, brighter adapting luminances 
were used, but the durations did not exceed 0-0912 sec. (i.e. somewhat less 
than the latent period of the blink reflex). In consequence, the validity of 
this conclusion was not tested over the same wide range of luminances and 
durations. However, for exposures lasting for from 0-0059 to 0-0912 sec 
and for luminances of from 9-97 x 102 to 1-23 x 106 ft. L., the results of the 
present work confirm those of Crawford. 

If the log times required to reach given multiples of the fully dark-adapted 
threshold were plotted against log luminance multiplied by duration of 
adapting flash, Crawford’s results are found to lie on a series of straight lines, 
as shown in Fig. 6(d). In the present study the results for each observer 
demonstrated a similar linear relationship between these quantities. The 
general form of this relationship was log te=x log LT+y. For each subject 
the slope x was found to increase from a=0-5 to «=1°5 (« represents the log 
multiple of threshold to which the recovery time is measured). This merely 
means that the earlier phases of the adaptation curve are influenced more by 
the adapting flash than are the later ones. 

The values of x and y vary slightly from observer to observer, although 
the differences in log t, between Observer C (the slowest adapter) and 
Observer A (the most rapid adapter) range only from 0-048 to 0-220 log unit 
(see Table II). Crawford’s results lie slightly but consistently above those 
of Observer C, although again the differences in log t, are quite small, 
ranging from 0-018 to 0-201 log unit. 

It is interesting to speculate on what might happen if still higher luminance 
flashes were used. Exposure of the eye to light of luminance and duration 
insufficient to cause appreciable rhodopsin bleaching nevertheless causes 
profound changes in the visual threshold, and it has been suggested that 
light and subsequent dark adaptation are bound up with intraretinal neural 
events (cf. Granit, Holmberg, and Zewi, 1938; Lythgoe, 1940; Pirenne and 
Denton, 1952; Rushton and Cohen, 1954; Arden and Weale, 1954). At 
higher levels of retinal illumination, the bleaching and regeneration of 
rhodopsin must have an increasingly important role to play in determining 
changes in the visual threshold. 

Prolonged, high-intensity light adaptation can probably bleach a con- 
siderable proportion of the retinal rhodopsin. The situation when brief 
flashes of light are used is somewhat different. Thus, when high-intensity 
photoflashes were used to irradiate the living rabbit eye, it was found that 
apparently no more than about 50 per cent. of the retinal rhodopsin could 
be bleached (Hagins, 1954; 1955). The failure to bleach all the rhodopsin 
is not due to an insufficiency of light quanta for this purpose. Bridges 
(1960), working with solutions of frog rhodopsin, has shown that, when the 
intensity of 0-004-sec. duration irradiating flashes is raised, there is at first 
a progressively increasing proportion of rhodopsin bleached, as might be 
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expected. When the intensity is raised above a certain point, however, the 
quantity of photosensitive material remaining after the flash-irradiation 
starts to increase. 

It might therefore be concluded that with short-duration flashes of any 
intensity it would be impossible to bleach photochemically all the visual 
pigment in a retina. From this point of view, vision could never be totally 
incapacitated by lack of visual pigments in the photoreceptors. At very 
high intensities the limiting factor is likely to be thermal destruction of the 
retinal tissues. Light absorbed in the pigment epithelium and choroid is 
degraded into* heat, and if the rate of heat loss by conduction and blood 
cooling does not balance the rate of heat production the resulting rise of 
temperature will lead to a retinal lesion. 


Summary 


(1) Apparatus is described for investigating the visual effects of bright 
flashes on the periphery of the dark adapted human eye. 
(2) For three observers (aged 21 to 25 yrs) it was found that the course 


of peripheral dark adaptation following exposure to a flash depended only 
on the quantity of light in the flash, and not on its actual luminance. This 


finding holds for exposure times ranging from 0-0912 to 0-0059 sec. and for 
luminances ranging from 1-23 x 10® to 9-997 x 10? ft. L., thus confirming 


the work of Crawford (1946) at lower luminances. 


(3) The time for a given observer to reach a given multiple of his mean 
pre-flash threshold may be expressed by the equation: 


logt,=xlogLT+y . .....Q) 


where t,=time in seconds required to reach a log units 
above the mean pre-flash threshold, 


LT =product of luminance and time (in ft. L. sec.), 
and x and y are constants for a given subject and a given value of x. 


The values of x and y vary from observer to observer and according to the 
value of a. 


(4) The possible effect of still higher luminance flashes is discussed. 
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TWO-STAGE INTRACRANIAL AND ORBITAL OPERATION 
FOR GLIOMA OF THE OPTIC NERVE* 


BY 


N. S. JAIN : 
Department of Ophthalmology, Irwin Hospital, New Delhi, India 


From the ophthalmological standpoint the indications for a combined 
intracranial and orbital operation are few. The extirpation of an orbital 
neoplasm is a relatively simple task in an average case, the choice lying 
between the anterior or lateral approach. 

Davis (1940) preferred the anterior route even for the removal of gliomata 
of the optic nerve, a view supported by Bailey (1940) but opposed, dog- 
matically, by Dandy (1941). Because of the post-operative complications 
of ptosis, strabismus, and ocular immobility, some neurosurgeons prefer a 
transfrontal craniotomy for all kinds of orbital tumours on the grounds of a 
better cosmetic result, an easier approach, and a more thorough and com- 
plete excision under direct vision (Dandy, 1922, 1941; Rand, Irvine, and 
Reeves, 1939; Woods, 1940; Jefferson, 1940; Benedict, 1949; Ingraham and 
Matson, 1954). A lateral orbitotomy may not, however, always lead to 
complications (Jain, 1957), and Hanberry (1956) says that the after-effects 
of a careful dissection and gentle traction of the orbital contents are only 
transient. 

Jean (1922), Ray and McLean (1943), and Shannon, Jaeger and Forster 
(1944) advocated a combined operation in cases of retinoblastoma, but this 
method was not supported by Reese (1931) and Jain (1950). 

Jefferson (1940), Wilson and Farmer (1940), Bucy, Russell, and Whitsell 
(1950), McFarland and Eisenbeiss (1950), Love, Dodge, and Bair (1955), 
Gramberg-Danielsen (1955), Hanberry (1956), Fowler and Matson (1957), 
and Dodge, Love, Craig, Dockerty, Kearns, Holman, and Hayles (1958) 
favour a combined operation in cases of glioma of the optic nerve to prevent 
involvement of the chiasma. Marshall (1954), however, said that an attempt 
to remove a glioma of the optic nerve in the short distance between the 
foramen and chiasma endangered the latter and did not ensure a thoroughly 
complete excision. Knapp (1941) reported three cases with enlarged optic 
foramina treated by Kronlein’s orbitotomy, which had no intracranial 
invasion after 15 to 17 years. A survival period of over 20 years was 
reported by Craig and Dodge (1955) after biopsy of the intracranial portion 
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of the optic nerve, and by Hudson (1940) after an incomplete extirpation. 
This is because of the remarkably slow rate of growth of most gliomata of 


the optic nerve (Grade I or II: Kernohan, 1948). Donahue (1955) reported 
an orbital recurrence 20 years after an orbital operation, which was 
apparently incomplete. 


However, despite differences of opinion, an enlarged optic foramen carries 
the threat of an intracranial invasion by the gliomatous process. In such 


cases a combined or two-stage intracranial and orbital operation is indicated, 
as exemplified in the case described below. 


Case Report 


A girl aged 12 years developed progressive visual loss and proptosis of the right eye in 
January, 1958. In October, 1958, the visual acuity in the right eye was only light per- 
ception. The right eyeball was proptosed and pushed down and out, and the right 
upper eyelid was ptosed and the ocular movements markedly restricted, particularly in 
adduction and depression. The right optic disc was pale and swollen. A skiagram of 
the skull showed no abnormality, except enlargement of the optic foramen. All labora- 
tory investigations were negative, except that the erythrocyte sedimentation rate was 
raised to 44 mm./hr (Westergren). A diagnosis of right-sided optic nerve glioma with 
intracranial extension was made. (This case has also been referred to by Mathai and 
Chandy, 1959.) 


First Operation —A right fronto-temporal craniotomy was performed on October 8, 
1958. The intracranial part of the right optic nerve was excised just distal to the optic 
chiasma. No orbital exploration was carried out. 

Bits of friable whitish tissue were found to be composed of loosely-knit fibres and 
spindle-shaped nuclei with many blood vessels. Some areas were so fibrous as to suggest 
neurofibroma, but this pattern was only occasionally seen. The diagnosis of astro- 
cytoma was made. 


Follow-up.—Immediately after the operation a course of deep x-ray therapy was given 
but the proptosis remained unaltered. On May 1, 1959, the proptosis was 18 mm. on 
the right side (Fig. 1A), the eyeball was displaced down and out, ptosis was present 
(Fig. 1B), and all ocular movements were absent. 


Fic. 14.—Proptosis 18 mm., right Fic. 1B.—Appearance of ptosis 
eye diverged. before orbitotomy. 


There was no perception of light and the pupil was dilated and fixed. The fundus 
showed a kidney-shaped swollen disc, tortuous and engorged veins, superficial flame- 
shaped haemorrhages near the macula, and multiple exudates all over the retina. The 
skin of the right temple was pigmented and cicatrized by irradiation. 
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A skiagram showed the marks of 
the craniotomy and an enlarged right 
optic foramen (Fig. 2). 


Fic. 2.—Skiagram showing marks of 
craniotomy and enlarged optic foramen 
(arrows). 


Second Operation——A lateral orbitotomy was performed on May 19, 1959, and a 
glioma of the right optic nerve was excised. 

One week later the skin sutures were found to have cut through and the wound had 
gaped, exposing the bony fragment. A rotation ‘‘C’”’-shaped skin-graft was provided 
to cover the bone, but on June 12, 1959, the skin had again contracted leaving the bone 
on the right temple (Fig. 3), and the dead sequestrum had to be removed before the 
operative wound healed. The proptosis was reduced by 15 mm., but the right eye 
remained divergent (Fig. 3), ptosis persisted, and all ocular movements were absent. 


Fic. 3.—Proptosis reduced to 3 Fic. 4.—Excised neoplasm. 
mm., but right eye still divergent. 


Pathological Report.—Macroscopically the nerve sheaths were intact. The neoplasm 
measured 14 mm. in length and 9 mm. in diameter (Fig. 4). The diagnosis of glioma of 
the optic nerve was confirmed by microscopic examination (Fig. 5, opposite). 


Fundus Examination.—2 weeks after the operation the disc was distorted and pale, the 
physiological cup being obliterated as if filled with a fluffy exudate. The margins of the 
disc were hazy, merging into a greyish, pale, and oedematous retina. The arteries 
emerging from the disc were completely empty and could be traced to the periphery as 
whitish streaks. The whitish-looking veins near the disc turned pinkish when traced to 
the periphery. The fundus reflex was pale in the central and juxtapapillary zone, but 
towards the periphery retained an orange hue. A few superficial haemorrhages were 
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Fic. 5.—Section of neoplasm. 75. 


present here and there, but at several places, often adjacent to the blood vessels, large 
fluffy cotton-wool type exudates were seen, some of which suggested haemorrhages in 
the process of absorption or organization. 


Follow-up.—The patient returned on February 27, 1960, with rapidly progressive blind- 
ness of the left eye. The visual acuity was reduced to counting fingers at 18 in., and two 
weeks later to counting fingers at 3 in. The pupil was dilated and reacted slightly and 
sluggishly to light, with marked optic atrophy. Numerous new loops of dilated veins 
were present on the temporal surface of the white optic disc and near its temporal edge, 
and a skiagram showed an enlarged optic foramen. The appearance of the right eye 
was the same as at the time of discharge. 


Discussion 

The term “two-stage intracranial and orbital operation” is clearer than 
the term ‘“‘combined operation”. which might imply that both the cranial 
and the orbital fields were explored at the same time. 

In view of the clinical evidence of an intracranial extension, the only 
alternative to the two-stage procedure adopted in this case would have been 
a “combined” one-stage cranial cum orbital operation for a radical excision. 
For obvious reasons the anterior approach was impossible, and the lateral 
approach alone could not have been expected to facilitate extirpation in toto. 

The turning of the bony fragment into a sequestrum, necessitating its 
removal, may have been due to a surgical mistake, but it was postradiational 
atrophy and cicatrization of the skin which caused the bone to become 
uncovered. The presence of ptosis, strabismus, and ocular immobility did 
not result from the orbitotomy, since they were present from the first. 

Radiotherapy was useless in this case, an observation supported by Fowler 
and Matson (1957) and Wagener (1959), but Martin and Cushing (1923), 
Cushing (1930), Grinker (1930), Jefferson (1940), and Dyke and Davidoff 
(1952) recommended irradiation in cases of chiasmal involvement. 

The few reports of the appearance of the fundus after section of the optic 
nerve near the globe (Verhoeff, 1922; Davis, 1940; Marshall, 1954; Wagener, 
1959) show considerable variation. 
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Despite a thorough eradication of the neoplasm by what seemed to be 
the most complete, correct, and certain method, the rapid onset of total 
blindness, caused presumably by a transchiasmal extension of the gliomatous 
process into the contralateral optic nerve, leaves the prognosis uncertain. 


Summary 


A case of glioma of the right optic nerve with evidence of an intracranial 
extension is described. A two-stage cranial and orbital operation did not 
relieve the blindness, and the left eye also became blind a few months later. 


I wish to thank Dr. K. V. Mathai and Dr. J. Chandy of the Department of Neurology and 
Neurosurgery, Christian Medical College, Vellore, India, who, having performed the cranial 
operation, supplied their own clinico-surgical data, and permitted me to report this case. I am 
grateful to the staff of the Department of Ophthalmology, Irwin Hospital, New Delhi, and to 
Drs. R. C. Agarwal, H. Mohan, and A. C. Chadha in particular, for assistance in the orbital 
operation and the post-operative care of the patient. 

My thanks are also due to Prof. J. P. Agarwal, Professor of Ophthalmology, All-India Institute 
of Medical Sciences, New Delhi, for arranging to supply the photomicrograph. 
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NEW PLASTIC OPERATION FOR CORRECTING THE 
REFRACTIVE ERROR OF APHAKIC EYES BY CHANGING 
THE CORNEAL CURVATURE* 


PRELIMINARY REPORT 
BY 


TADEUSZ KRWAWICZ 
Lublin, Poland 


THE problem of correcting the refractive error of an aphakic eye other than by 
prescribing the cumbersome cataract lenses still remains open, in spite of the 
excellent work done in this field by Ridley, and all its modifications. In 
search of a method which might combine greater safety for the patient with a 
simpler operative technique, an operation has been devised which consists in 
implanting a small plastic lens or a lamellar corneal graft between the lamel- 
lae of the central part of the cornea to increase the refractive power of the eye. 

From the first stage of this enterprise, which comprised 52 experiments on 
rabbit eyes (Krwawicz, 1960), the following conclusions have been drawn: 

(1) Intracorneal implantation of a plastic lens changes the refraction of the eye. 

(2) After the implantation of the plastic lens the cornea heals without signs of 
irritation or reduction in clarity, but there is danger of a late reaction on the part of 
the corneal tissue, which may cause opacification. 

(3) The refractive effect of the implanted lens continues even if the lens is removed 
after some days. This can be explained by the fact that when the lens is introduced 
between the two layers of the split cornea, the anterior layer is displaced towards the 
centre of the cornea by the thickness of the lens. This dislocation is permanently 
fixed by the healing process, so that the cornea cannot regain its previous shape, 
even if the lens is removed. The gap between the two layers of the cornea which 
remains after the removal of the lens then fills with clear corneal tissue, and only a 
delicate, annular scar marks the place where the edge of the lens had rested. 

(4) Intracorneal implantation of a lamellar corneal graft distinctly changes the 
corneal curvature. 


The results of these experiments encouraged a trial of the method on 
human eyes, first on those to be enucleated because of a neoplastic process. 
In these cases, too, the immediate effect was positive, viz. there was a distinct 
forward bulging of the part of the cornea overlying the implanted lens, the 
healing was free from complications, and the clarity of the cornea remained 
unimpaired. 

Being now assured that the temporary presence of the plastic lens inside the 
corneal stroma had no harmful effect, and at the same time bearing in mind 
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the observation that the change in the corneal refraction persisted after iis 
removal, the method was applied to correct refractive errors in eight aphakic 


eyes in seven patients. 


Operative Technique 


Under local anaesthesia, fixing sutures are placed in the lids and in the superior 
and inferior recti. Near the corneal margin a vertical incision, 4 mm. long and 
deep enough to penetrate into the deeper layers of the stroma, is made with a small 
keratome (Fig. 1). From this incision the corneal stroma is split with a flat knife, 
and a pocket is formed in the central part of the cornea, corresponding in shape and 
size to the lens to be implanted (Fig. 2). 


Fic. 1.—An incision about 4 mm. long and Fic. 2.—The corneal pocket is formed with 
penetrating into the deeper layers of the a small flat knife. 
stroma is made at the limbus. 


The edge of the incision is then lifted with a spatula, and the plastic lens is intro- 
duced with a thin spatula into the incision, pushed through the channel between the 
split layers of the cornea, and finally placed at the bottom of the pocket, i.e. in the 
centre of the cornea (Figs 3 and 4, and Fig. 5, opposite). 


Fic. 3.—The plastic lens is introduced into Fic. 4.—The lens is pushed with a spatula 
the pocket by means of a forceps. towards the centre of the cornea. 





CORNEAL CURVATURE IN APHAKIA 


Atropine, antibiotics, and later corti- 
sone are administered locally. The patient 
is allowed to move freely, and the mono- 
cular dressing is removed on the follow- 
ing day. 

After 8 to 10 days, when the wound 
produced by the procedure described 
above has healed, the plastic lens is 
removed by pulling it out with a forceps 
through an incision in the cornea. This 
js made on the same side as the original 
incision, but close to the edge of the lens 
(Figs 6, 7, and 8). 


if 


Fic. 6.—The cornea is incised close to the Fic. 7.—Pressure is applied to displace the 
edge of the implanted lens. lens. 


Fic. 8.—The lens is removed with forceps. 


Again atropine, antibiotics, and after some days corticosteroids are put into the 
conjunctival sac, and a uniocular dressing is applied for 24 to 48 hours. 
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Results 


This operation was performed on eight eyes (Table), all of which were 


emmetropic. 
TABLE 


RESULTS IN EIGHT EYES 





Post-Operative 
ase | Eye — Visual Acuity 
(uncorrected) 





60 | Right 7 5/15 


42 Right 5/15 Infiltration, plastic lens 
removed after 48 hrs 








Left 5/15 

Left 5/20 

Left 515 
Right 5/30 

Left 3 5/30 Traumatic cataract 




















Right 5/30 
































In six (Cases 1, 3, 4, 5, 6, and 8), the intracorneal implantation of 
the plastic lens came first, and then, 10 to 14 days after the removal of the 
implant, the cataract was extracted. Only in two instances (Cases 2 and 7) 
did the extraction of the cataract precede the plastic operation, the former 
sequence being preferred for technical reasons; Figs 9 and 10 show the 
final results obtained in these eyes. 


sas Rs d CBRE Bix” 
Fic, 9.—Final result, Case 2. Fic. 10.—Final result, Case 7. 
In almost all cases the healing process following the implantation of the lens 
progressed smoothly. There were no signs of a major irritation of the eye, 
and the split cornea, both in front of the lens and behind it, remained clear. 
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In one patient only (Case 2) a small infiltration appeared in the lower angle of 
the pocket 48 hours after the operation. The artificial lens was immediately 
removed, the infiltration disappeared, and the cornea remained perfectly 
clear. In this case the visual result was 5/15 (Fig. 9). 

The course of healing after the removal of the implanted lens closely resem- 
bled that following lamellar keratoplasty and was free from complications. 

The visual results*, which were in four cases 5/15, in one 5/20, and in three 
5/30, can be regarded as encouraging if they are compared with those which 
can normally be expected from an uncorrected aphakic eye. The observa- 
tion period (2 to 7 months) may, of course, be too short to exclude the 
possibility of a change in the optical effect of the operation, though no such 
tendency has been noticed so far. 

A somewhat different approach, consisting in a permanent intracorneal 
implantation of a corneal graft, has been carried out in only one patient so 
far. After 2 months the graft remains clear, and the uncorrected visual 
acuity is 5/30. Of course, there is no assurance that the graft will not be 
partly or completely absorbed later on. Should the effect prove permanent, 
further research in this direction would be indicated. 


Conclusions 
The clinical results of the operation described above demonstrate that it is 
possible to implant a temporary intracorneal plastic lens to change the curva- 


ture of the cornea, and consequently to correct the refractive error of an 
aphakic eye. The operative risk is small and, even if the visual acuity is not 


improved, little or no harm is done to the eye. 


The correction of the refractive error which we were able to obtain was only 
partial, though in some cases quite remarkable. The problem demands 


further investigation, and above all it is necessary to develop methods which 
will assure a more precise and adequate measurement of the correction. 


Summary 

The first results are reported of the clinical application of a new corneal 
operation aimed at correcting the refractive error of aphakic eyes by changing 
the curvature of the central part of the cornea. The procedure consists in the 
intralamellar implantation of a small plastic lens, which is removed when the 
change in the corneal curvature has been fixed by the healing process. 

The results so far obtained by this method can be regarded as promising, 
the more so in that the operative risk is small. This being only ‘a preliminary 
report, the need is stressed for further testing in clinical practice. 
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* Only the axial visual acuity is reported here. The result of a more detailed examination of the refraction will be 
dealt with at a later date. 
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JUVENILE FAMILIAL MOSAIC DEGENERATION 
OF THE CORNEA ASSOCIATED WITH MEGALOCORNEA* 


BY 


B. BOLES CARENINI 
From the Ophthalmological Department of the University of Genoa (Director: Prsf. A. Grignolo) 


Tue classification of the heredo-familial degenerations of the cornea pro- 
posed by Franceschetti and Forni (1950) and Franceschetti (1954), includes 
among the degenerations of the anterior limiting membrane (Bowman’s) a 


rather rare manifestation called “mosaic degeneration”. Because of its 
rarity, and because of certain unusual features, we have considered it worth 


while to report three cases recently observed. 

The patients were three out of five brothers (Fig. 1), the oldest and the 
youngest of whom showed no ocular abnormalities. The father and mother 
had both been dead for some time but, according to their sons, they had 


enjoyed good eyesight until late in life. As far as could be ascertained there 


was no consanguinity. 
ob: 
65 yrs 63 yrs 60 yrs 58 yrs 56 yrs 
O Normal female 








a] Normal male 


| Male with corneal degeneration 


Fic. 1.—Family tree, showing three out of five brothers affected. 





* Received for publication January 1, 1960. 
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Case Reports 
Case 1, a married agricultural worker aged 63, from Luna Matrona (Sardinia), had 


developed normally after a normal birth. He had attended a primary school, and done 
his compulsory military service, and had had no significant illnesses. 

His eyesight had been good until he was about 40 years old, when a progressive visual 
deficiency developed in the right eye. When he was 47 years old, a cataract extraction 
had been performed on this eye; 2 or 3 years later the sight in the left eye had decreased 
until it was limited to seeing hand movements at 50 cm., and he was admitted to our 
clinic with a diagnosis of senile cataract. 


Examination—Right Eye.—The ocular adnexa were normal; the cornea (Fig. 2) 
showed an increased diameter of 14 to 15 mm. (megalocornea), and was slightly thinner 
in the middle where sensitivity appeared to be less than at the periphery. A greyish 
opacity, occupying almost the whole of the cornea with the exception of a peripheral 
zone of some 3 mm., was visible in diffuse light. This opacity appeared to consist of 
numerous small round or polygonal greyish spots (about 0:2 mm.), arranged in a mosaic 
pattern and separated from each other by darker lines of almost transparent tissue. The 
alterations were localized in the layer of Bowman’s membrane and the other corneal 
layers were of normal appearance. The anterior chamber was deeper than normal, with 
iridodonesis, and surgical aphakia. There was a basal surgical iris coloboma at 
12 o’clock. The fundus appeared normal. The intra-ocular pressure was 15 mm. Hg 
(Schi6tz). The visual acuity (with correction +9 D sph., +1 D cyl., axis 180°) was 
10/10. The visual field was normal. 


Fic. 2.—Corneal appearance in Case 1. 





66 B. BOLES CARENINI 


Left Eye.—The appearance was identical with that in the right eye as regards the 
appearance of the cornea; and there was a complete cataract with no unusual charc- 
teristics. The intra-ocular pressure was 15 mm. Hg (Schiétz). The visual acuity was 
hand movements at 50 cm., and light projection and colour perception were good. 

Additional investigations carried out in hospital revealed the following: 


Slight pulmonary emphysema. 

Blood pressure (upper arm) 145/65. 

X-ray of skull—negative. 

Neurological examination—negative. 

Dental examination—no septic foci. 

ENT examination—deviation of the nasal septus to the left. 
Dermatological examination—normal. 

Wassermann reaction and citochol tests—negative. 
Mantoux reaction—negative. 

Blood nonprotein nitrogen—0-028 per cent, glycaemia 0-098 per cent. 
Urine examination—negative. 

Capillary fragility tests—within normal limits. 


An intracapsular cataract extraction in the left eye was carried out in August, 1958. 
The post-operative course was normal and after 45 days the visual acuity was 10/10 with 
+11 Dsph., +1 Dcyl., axis 180°. 


Case 2, an unmarried agricultural worker aged 60, from Aleo (Sardinia), younger brother 
of Case 1, had developed normally after a normal birth, and had attended a primary school, 
but had been rejected for military service on account of poor visual acuity; he had 
had no significant illnesses. 

The visual acuity had always been less than normal, and about the age of 30 a further 
deterioration had occurred, affecting both eyes. At age 33 he had undergone a bilateral 


cataract extraction, and bilateral corneal opacities were noted. 


Examination—Right Eye——The ocular adnexa were normal. The corneal diameter 
was enlarged to 15-16 mm. (megalocornea) with a slight central thinning and diminished 
sensitivity. At the centre there was a round opacity some 8 mm. in diameter, consisting 
of small separate spots, some more or less polygonal, others round and separated from 
each other by lines of normal tissue; this mosaic pattern was more evident atthe centre, 
and towards the periphery the opacity showed a progressive diffusion in the normal 
corneal tissue. The opacities were localized in Bowman’s membrane, the epithelium and 
_ other corneal layers appearing intact. The anterior chamber was deeper than normal, 
with iridodonesis, and surgical aphakia. A large basal surgical coloboma was visible at 
12 o’clock. The fundus was normal. The intra-ocular pressure was 18 mm. Hg 
(Schidtz). The visual acuity (with correction +11 D sph.) was 10/10. The visual field 
was normal. 


Left Eye.—The appearance of the cornea was similar to that in the right eye. There 
was a large total iris coloboma at 12 o’clock, with lenticular sequelae in the pupillary 
field. The fundus showed large spots of diffuse pigmented atrophy along the inferior 
temporal vessels. The intra-ocular pressure was 16 mm. Hg (Schiétz). The visual 
acuity (with correction +11 D sph.) was 9/10. 

General examination in the out-patients’ department gave negative results in every 


respect. 
Case 3, an unmarried agricultural worker aged 58, younger brother of Cases 1 and 2, from 


Luna Matrona (Sardinia), had developed normally after a normal birth, and had attended 
a primary school and done his military service. He had had no significant illnesses, with 





—=—A = es Os KF OHA 


aos 


1958. 
with 


other 
hool, 
had 


rther 
iteral 


neter 
ished 
sting 
from 
ntre, 
rmal 
| and 
‘mal, 
le at 
Hg 
field 


‘here 
llary 
erior 
isual 


very 


MOSAIC DEGENERATION OF CORNEA 67 


the exception of malaria at age 15. He had always had good eyesight and still could 
see well. 

Examination—Both Eyes.—The ocular adnexa were normal. The cornea presented 
a diffuse central opacity, with maximal density in the central part blending into normal 
tissue towards the periphery. Slit-lamp examination revealed grey areas, rounded and 
polygonal, of various dimensions, separated by lines of more transparent tissue, more 
marked towards the centre. These opacities lay in Bowman’s membrane, the epithelium 
and the deeper layers being intact. The anterior chamber, iris, lens, and fundus were 
normal. The intra-ocular pressure was 18 mm. Hg (Schiétz). The visual acuity was 
8/10 without correction and could not be improved with lenses. The visual field was 


normal. 
In this patient, also, all additional examinations gave negative results. 


Di fins 

These reports show that the three brothers all had megalocornea and 
corneal opacity; one of them also had a bilateral cataract, probably of 
congenital origin. The appearance and arrangement of the corneal opacities 
situated in Bowman’s membrane are regarded as typical of mosaic degenera- 
tion of the cornea or, as Vogt (1930) called it, ““Krokodil Chagrin der Mem- 
branae Bowmanii” (crocodile-skin Bowman’s membrane).. Vogt first 
observed and described this corneal alteration in an 80-year-old patient. 
He recorded its characteristic features as round or polygonal grey opacities, 
mostly situated predominantly in the centre and separated by darker linear 
spaces, situated in the anterior limiting membrane. Vogt regarded these 
lesions as senile in nature, but Valerio (1939) described a similar case in a 
man aged 25 years, in which the colour tended towards yellow. The 
opacities in Valerio’s case had more sharply delimited margins and were 
densest near the centre of the cornea. The differences led Valerio to think 
that the two conditions were different stages in the same type of corneal 
degeneration. Later, however, after he had had the opportunity to observe 
this patient’s father (who presented a bilateral degenerative lesion of the 
cornea similar to band-shaped opacity), Valerio (1942) was of the opinion 
that his case of mosaic degeneration, notwithstanding the similarity of the 
lesions, was not identical with that described by Vogt, but was rather as a 
lesion of a familial and dominant character; the difference in appearance 
between the lesions in the father and those in the son are presumably 
attributable to the different ages at onset. 

If we disregard two cases described by Streiff (1948) in which the lesions, 
although morphologically the same, were situated in Descemet’s membrane 
and therefore belonged to the posterior ““Krokodil Chagrin der Membranae 
Descemeti” of Vogt, the third case of anterior mosaic degeneration is that 
reported by Miiller (1949), who observed it in a patient who 5 years pre- 
viously had had keratitis with hypopyon due to contusive trauma. The 
polygonal appearance of the lesions in Bowman’s membrane was typical, 
but the opacities had more irregular dimensions than those in the cases of 
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Vogt and of Valerio. Miiller was able to make a histological examinatica 
of a corneal disc taken with lamellar transplantation. Under a markediy 
altered epithelium, he encountered large ruptures of Bowman’s membrane. 
At the edges of these tears, the membrane curved backward almost at right 
angles; in some places it was normal in appearance and thickness, but elsc- 
where appeared thinned, granular, and ravelled. A layer of newly formed 
connective tissue was found between the Bowman capsule and the epithelium. 
The middle and deep layers of the corneal parenchyma appeared normal. 
Miiller concluded that the greyish polygonal opacities corresponded to zones 
in which Bowman’s membrane was present, morphologically altered, whereas 
the darker lines would be the evidence, demonstrable with the slit-lamp, of 
the ruptures of the membrane. 

Moro and Amidei (1953) reported a case of bilateral mosaic degeneration 
in a patient aged 70 years. Histological examination revealed that, under 
a normal epithelium, Bowman’s membrane showed no definite breaches but 
a very fine uniform stippling over almost the whole of the anterior part. 
The stippled zone did not pass beyond Bowman’s membrane, and it was 
not of uniform depth. The separate stipples showed small variations in 
volume and could be clearly stained with both van Gieson and May- 
Griinwald-Giemsa stain. They did not dissolve in acid and were densest 
near the border with the basal layer of the epithelium. The parenchyma 
was normal. Moro and Amidei stated that in this case the biomicroscopic 
aspects of anterior mosaic degeneration were combined with the histological 
features of earlier senile band-shaped keratitis. Repeated examinations at 
regular intervals revealed that the initial mosaic pattern changed progres- 
sively until it became an opacity of uniform density in which the initial 
polygonal opacities could be recognized only with the greatest difficulty. 
They concluded that mosaic degeneration should not be regarded as a 
separate clinical entity but as a phase in a degenerative corneal process; the 
process may stop at this phase, but it may also develop further, leading to 
alterations not only of the Bowman’s membrane but also of the epithelium 
and the superficial layers of the parenchyma, until the final stage of band- 
shaped keratitis is reached. 

Kop§a and MaruSi¢ (1958) reported five patients with mosaic degeneration 
aged between 18 and 52 years who were observed in two generations of the 
same family. The corneal alterations had first appeared in the second or 
third decade of life and although they had become aggravated, the pattern 
had always remained the same. These authors confirmed the dominant 
heredo-familial character of the degenerative form. 

Among the most interesting aspects of the cases reported above is the 
number found in one family. With the exception of those reported by 
Kop§a and MaruiSié, all the cases so far described have been isolated, and, 
if Miiller’s post-traumatic case is included, only nine examples have so far 
been published. 
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The fact that the three patients were brothers confirms the heredo-familial 
character presumed by Valerio, and supported only by KopSa and Maru8ic¢. 
Since we were unable to study our patients’ parents, we cannot confirm the 
dominant character of the heredity. 

In all previously published cases the corneal changes caused loss of vision, 
but in our cases the visual acuity (after cataract operation and with suitable 
correction) was normal in Cases 1 and 2 and almost normal (9/10 binocular 
vision) in Case 3. 

The association of mosaic degeneration of Bowman’s membrane with 
megalocornea does not seem to have been observed before. Megalocornea 
has been observed with perilimbal semilunar shining opacities in Bowman’s 
membrane (Berliner, 1949), but these in no way resembled the mosaic 
degeneration. 

The age at onset could not be determined in our subjects, because Cases 1 
and 3 had always enjoyed good eyesight and Case 2 had bilateral cataract. 
The association of a congenital defect such as megalocornea (plus, in one 
case at least, a congenital cataract) suggests that the corneal degeneration 
may have been present at birth or have developed soon after it. In one of 
our patients the corneal changes were first seen when he was 33 years old, 
so that it can definitely be considered juvenile. The identical appearance in 
all three patients suggests that the degeneration had manifested itself in the 
same period in each case, which would be in accordance with the observa- 
tions of Kopsa and Maruii¢é. It therefore appears justifiable to distinguish 
(apart from the secondary post-traumatic form, Miiller, 1949) a mosaic 
degeneration of senile type and an earlier, juvenile, and familial type (Table). 


TABLE 
VARIOUS FORMS OF MOSAIC DEGENERATION OF BOWMAN’S MEMBRANE 


Mosaic CORNEAL DEGENERATION 








| 


WITHOUT OTHER WITH 
OCULAR DEGENERATION MEGALOCORNEA 


1 case (Miiller, 1949) 1 case (Vogt, 1930) 1 case (Valerio, 1939; 3 cases (Boles-Carenini, 
1 case (Moro and 1942) 1961) 
Amidei, 1953) 5 cases (KopSa and 
MaruSié, 1958) 


The senile form may vary in appearance, assuming the aspect of band- 
shaped keratitis, while the juvenile form begins before the 30th year and 
progresses to increasing density of the opacities without alteration in the 
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objective findings. In the senile form, visual acuity is always great:y 
diminished, whereas in the juvenile form the degree of visual loss may vaiy 
from slight to severe. Also, the juvenile form may be associated with other 
congenital defects (megalocornea; cataract). 


Summary 


The cases are reported of three brothers (out of a family of five) with 
bilateral mosaic degeneration of Bowman’s membrane with megalocornea. 
One patient also had bilateral congenital cataract. The corneal degenera- 
tion became manifest in early middle age, and the visual acuity was not 
affected. Comparing his observations with nine other cases previously 
reported in the literature the author feels that this extremely rare type of 
corneal degeneration should be separated into two forms, senile and juvenile, 
differing in age at onset, the speed of progression, the degree of visual loss, 
and the heredo-familial character; the juvenile form may also be associated 
with other congenital ocular defects such as megalocornea and congenital 
cataract. 
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THE FIGHT AGAINST TRACHOMA IN THE ISLAND 
OF MALTA* 


BY 


F. J. DAMATO 
Malta, G.C. 


TRACHOMA was the most widespread and serious eye disease in Malta 50 
years ago, and though it is still the cause of 12 per cent. of all cases of 
blindness, these are all long-standing cases, and to-day a new case is a rarity. 

It is the purpose of this paper to discuss the measures adopted and the 
changes in surroundings and living standards which have led to the almost 
complete elimination of trachoma. 

Before and after the first world war, the poor economic and social condi- 
tions of the middle and lower classes in Malta contributed to the very high 
incidence of trachoma. The standard of housing in most towns and villages 
was low. The houses were small and lacked proper sanitation and an indoor 
water supply, families were large, and many children had to sleep together 
in one room in close contact. As it was often necessary to draw water from 
public taps and carry it home, it is easy to understand that water was drawn 
very infrequently, laundering was irregular, and the danger of several 
persons using the same towels and washing in the same water could hardly 
be avoided. Flies and vermin bred freely. The diet of the low classes was 
poor, consisting largely of carbohydrates, with very little fats or meat. 

Individual efforts to eradicate the disease were not lacking, but the first 
general move against trachoma was made in 1911, when a set of instruc- 
tions was circulated to the Government elementary schools, to prevent the 
spread of communicable diseases including trachomatous conjunctivitis. It 
was ruled that no child, teacher, or caretaker should attend school while 
suffering from trachoma, until medically certified as cured. Notes were also 
published to assist teachers in the detection of suspected cases of trachoma. 
These measures helped to draw the attention of parents to the danger of the 
disease and to stop its spread among children at school. In 1919, special 
measures were enacted and dispensaries where patients could receive free 
daily treatment were established in all towns and villages. The majority of 
cases were sent to the Eye Clinic at the Central Hospital. 

In 1922 trachoma was made a notifiable disease, and during this year 1,282 
cases were notified, though this figure represented a small fraction of the real 
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incidence. A considerable number of patients were not bad enough to ask 
for treatment and others were reluctant to attend the Eye Clinic. 

As it was well known that the disease usually starts very early in life, 
usually in the 5- to 15-year age group or earlier, the main line of attack was 
the detection, segregation, and treatment of the infected child. When in 
1924 education was made compulsory until the age of 14 for children already 
at school, an opportunity was provided to discover and treat the tracho- 
matous child. A team of school medical officers and an ophthalmic specialist 
started regular examinations of the eyes of children in all classes. In order 
to ensure continuity of treatment during the summer holidays, money prizes 
were given to children who reported regularly for treatment. A ward for 
trachomatous children, who for some reason could not attend the out- 
patients’ clinic, was opened in one of the hospitals. A certificate of free- 
dom from trachoma was required before a child was accepted in a school, 
orphanage, or any other institution. Children were taught to avoid touch- 
ing their eyes with their fingers and to wash the eyelids with soap and water 
at least once a day. 

The treatment in use at that time included the local application of caustics, 
mechanical rolling of the tarsal conjunctiva, and dealing with complica- 
tions. This, though valuable, served obviously to hasten the process of 
cicatrization which was considered a cure. 

In the last few years before the second world war, economic and social 
conditions of the island were much improved. More and better houses 
were being built, sanitation and a piped water-supply were extended to most 
of the towns and villages, overcrowding was diminishing, the number of 
schools was increased, and the purchasing power of the lower classes was 
raised as was shown by the increased consumption of fats and meat. Most 
important of all was the control of the fly by means of health education and 
propaganda, improved sanitation, and the use of chemical insecticides. 
The sight of a miserable child with 
the face and eyelids covered with TABLE I 
flies became a thing of the past. CASES OF TRACHOMA NOTIFIED, 

In the years since the second world 1929 TO 1938 
war, the incidence of trachoma has No. of No. of Old 
been very low. The standard of living New Cases | Cases under 
has continued to rise and com- Notified Tocetenemt 
pulsory education for all children 1,142 
over 6 years of age was introduced 984 
in 1946. All these measures to con- HH 
trol and fight the spread of trachoma 329 
gradually started to give results. ae 
Table I shows the new cases of trach- | 237 
oma notified during the period 1929 ro 
to 1939. Except for the year 1935, 
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there is a sustained decrease. Table II shows the number of cases of trachoma 
treated at the Eye Clinic at the Central Hospital, and the number of trachoma 
cases admitted because of complications and major eyelid operations during 
the period 1925 to 1958. In 1925, 56-5 per cent. of the eye patients examined 
at the Central Hospital were suffering from trachoma. In 1958 there were 
only 27 new cases, 0-5 per cent. of all eye cases examined during the year. 
It is to be noted that there has been no similar decrease in the incidence of 
trachoma in the other Mediterranean countries, such as North Africa, 
where the standards of living and sanitation have remained very low. 


TABLE II 
DECLINE IN INCIDENCE OF TRACHOMA AND ITS COMPLICATIONS, 1925-1958 





Trachoma 

Total Trachoma Cases Trachoma Cases 
No. of Out- Cases with Requiring 
Patients Complications | Major Lid 
Percentage Operations 








1,063 
2,226 
2,036 
2,047 
1,079 
2,627 
3,800 
3,624 
2,699 
4,765 
4,824 
4,070 
4,825 
4,796 
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As in other parts of the world, the introduction of the sulphonamides 
brought a considerable change in the treatment of trachoma. Under the 
form of Prontosil album and rubrum, the sulphonamides were first used in 
Malta in 1936. The knowledge that trachoma could be treated orally 
encouraged the attendance of those patients who had been reluctant to 
attend the Eye Clinic because of the discomforts accompanying the old 
treatment. 

All the patients seen during 1951-1958 were discovered during the routine 
examination of school children and immigrants; ali were asymptomatic and 
most of them were in the 5- to 15-year age group. An isolated case in a large 
family was just as common as infection in all the members of the family. 
In the majority the trachoma was at Stage IIa, showing the typical follicles, 
most numerous in the upper retrotarsal fold. All the patients came from 
the lower classes living in overcrowded surroundings, and there is no doubt 
that further improvement in these unhealthy conditions will eventually lead 
to the complete elimination of the few surviving pockets of resistance. 
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The response to sulphonamide and antibiotic therapy has been ver, 
satisfactory, a cure being obtained after a treatment lasting between 2 an: 
4 months, though some took as long as 6 months. The follicles graduall, 
disappeared and the conjunctiva became smooth, with no apparent scar 
formation. Table III shows the number of cases treated by various 
methods. 


TABLE Iii 


TRACHOMA CASES TREATED BY GULSONAMIDE? AND ANTIBIOTICS, 
1951- 
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Sulphonamides were administered in the following ways: 
(1) Tablets 0-5 g. 4-hrly for 10 days. 


(2) Instillation every hour during the day of sulphonamide solution 
10 per cent. 


(3) Sulphonamide ointment at night. 


187 cases were treated with antibiotics. Oily suspensions of aureomycin 
and achromycin | per cent. with hydrocortisone 0-5 per cent. were instilled 
every hour during the day, and achromycin or aureomycin ointment was 
used at night. Terramycin and tetracycline drops and ointments were also 
used. 

In assessing the main factors leading to the elimination of trachoma from 
the Island of Malta, one cannot help remarking that, though the detection 
and treatment of the infected patients played an important role, no decisive 
results could have been obtained without an improvement in living standards, 
universal education, the creation of hygienic surroundings, and the elimina- 
tion of dirt and poverty. 


REFERENCE 
Gurp, D. P. (1943). J. roy. nav. med. Serv., 29, 171, 237. 
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APPLIANCES 


A MINIATURE 
OPHTHALMIC DIATHERMY MACHINE* 


BY 
P. A. GRAHAM anp A. STANWORTH 


University of Manchester 


THE paramount considerations in the design of an ophthalmic operating 
diathermy machine are that the surgeon should be able to rely on the pro- 
duction of adequate coagulation without sparking or charring, and that the 
instrument should be robust and compact in construction, requiring a mini- 
mum of adjustment. There are severa) machines available which fulfil most 
of these requirements, but the one described here has some advantages both 
in electrical characteristics and in constructional detail. 


ELECTRICAL CHARACTERISTICS 


The circuit is noteworthy in several ways: 
(1) The oscillator is directly controlled by a feedback circuit which includes the 


electrical resistance of the patient himself; as a result of this the power output re- 
mains constant until coagulation is complete, when the rise in the patient’s resist- 


ance leads to a large fall in output. In contrast to this the conventional valve 


circuit gives a sharply rising voltage towards the completion of coagulation, lead- 


ing to sparking and charring. The steadiness of power output with the present 
circuit thus considerably reduces this risk. 


(2) Coagulation is best achieved by a relatively low voltage and high current, 
whereas perforation requires “cutting” characteristics of high voltage and low 
current. The coagulation characteristics of this circuit share with the spark-gap 
type of oscillator a suitable voltage-current ratio. A simple switch modifies the 
Output to provide characteristics more suited to perforation, as the use of a coagu- 


lating circuit for this purpose leads to unnecessary damage through overcoagula- 
tion of a considerable area around the point of the electrode. 


(3) Measurement of the radio frequency current used during coagulation is 
achieved by rectification by a germanium diode and subsequent display on a mov- 
ing coil meter. This gives a “‘dead-beat”’ reading of current without the time-lag 
defect of thermocouple meters, and is more robust with greater overload resistance. 
The meter has a linear scale from 0-150 milli-amps, giving an easily recognizable 


reading over the range normal in ophthalmic surgery. 


(4) The outer screen of the coaxial cable leading to the active electrode is not 
connected to earth but to the output circuit before the current measuring circuit. 
In this way inner and outer cables have virtually the same potential and there is 


* Received for publication April 7, 1960. 
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no loss from inner conductor to screen. The current registered on the meter is 
thus independent of losses due to the screen, handling and the proximity of other 
equipment etc. Though this system is not unique it is not yet a standard feature. 

In this machine a small constant current of about 5 m.a. is registered when idlir:g. 
This is due to stray capacity, inevitable in such a compact instrument. It is almost 
constant and forms only a small proportion of the total current registered and so 
causes no difficulty. 


(5) The circuit employs only one miniature valve of a standard type; other 
components also have a very long life. The machine is therefore likely to be very 
robust and reliable. At the time of writing it has been in use in a busy theatre for 
eighteen months; there has been no defect other than in the flexible lead, which is 
the part most exposed to damage. If the equipment fails to function normally, 
therefore, the first step is to try another lead. To this end, it is advisable always 
to have a spare lead available; this precaution naturally applies to any diathermy 
apparatus. The most likely anomaly in the lead is a faulty screen connection, 
leading to the appearance of an idling current in excess of the normal 5 m.a., 
varying with handling and with proximity of the lead to other equipment. 


(6) By careful matching of the characteristics of the circuit to the resistance of 
the patient maximum use is made of available power. This, together with the use 
of modern components and assembly techniques, has resulted in an instrument 
measuring only 8 in. by 5 in. by 4 in. (Fig. 1). In spite of its small physical size, 
the power is ample for all ophthalmic operations except exenteration. 


Bea, 


_ OPHTHALMIC DIATHERM _ 


Fic. 1.—The miniature diathermy 
machine. 
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CONSTRUCTION AND USE 


The small size and low weight not only give a very portable instrument with 
a low demand on storage space but make it possible for the surgeon to have 
direct control of output during operation. The unit may be clamped ad- 
jacent to the surgeon on a standard operating-table lithotomy post (Fig. 2) 
or a separate floor stand. The lead, of flexible boilable silicone rubber, can 
therefore be kept as short as is consistent with ease of manipulation. It can 
be kept in place by sliding it into a modified towel clip. The rotary output 
control on the front panel is graduated arbitrarily in 10 divisions. A sterilis- 
able and detachable knob clips over this control and can be removed to 
operate the switch selecting output for coagulation or perforation. It is 
thus possible for the surgeon to control the output of the instrument himself, 
a boon for those whose only ophthalmic trained staff are likely to be “scrub- 
bed up”. With practice it is possible to adjust output with one hand while 
controlling the active electrode with the other. 


Fic. 2,—The machine in use. 


In practice it has been found that a setting of 4-5, giving 65-75 m.a. pro- 
duces an easily recognizable area of coagulation. These settings have been 
tepeatedly checked with a thermocouple electrode (Stanworth, 1955) and 
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have been shown to produce a temperature of 75°C. in 10-15 sec., tais 
having been found to be the optimum for surface diathermy in most cases, 
For the perforation circuit a higher setting of 7 or 8 gives a clear and freely 
draining perforation. Settings and currents will however be modified by 
many factors, especially by the size of electrode used. 





SUMMARY 


A miniature ophthalmic diathermy is described. It has the advantages of a 
steady output; separate circuits for coagulation and perforation; an easily 
read and accurate milli-ammeter; and robust construction. Its small size 
and sterilizable controls make direct adjustment by the surgeon or his 
assistant possible. 


We should like to acknowledge the considerable assistance given to us by Mr. P. M. Caudell of 
Rayners Limited and Mr. K. F. Hopkins of R. B. Pullin & Company. They originally drew our 
attention to the possibility of miniaturization by modern electronic techniques and have met our 
many, varied, and often demanding requirements with unfailing skill and patience. 


REFERENCE 
STANWORTH, A. (1955). Trans. ophthal. Soc. U.K., 75, 379. 
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THE HANDLE OF THE CATARACT KNIFE* 


BY 


H. LYTTON 
London 


THE VON GRAEFE knife has been called an instrument of perfection. Indeed 
it appears difficult to improve the shape of its blade, if it has the point in line 
with the back and is not so long and so narrow as to make it liable to bend. 
Concerning the handle, however, a claim may be made that a broader flat 
handle is preferable to the conventional one. Such a knife has been made 
according to my specifications ft and has given me satisfaction (Figure). 





FIGURE 


The flat handle rests comfortably and steadily on the radial aspect of the 
surgeon’s middle finger, and can be held securely and with little effort 
between this finger, the index finger, and thumb. When the knife is passing 
through the anterior chamber the flat handle transmits the sensation of 
remaining exactly in the frontal plane, and thus unintentional back pressure 
is prevented. After the counterpuncture, the section has to be made without 
hesitation or delay until the knife is well over the upper part of the iris. 
Too slow a section has a tearing effect, involving not only the tissue in contact 
with the knife but also the adjacent tissue. The tearing effect will be greater 
the softer the eye, and the more vertical the upward sweep of the knife. 
Even without back pressure the pull may cause premature loss of aqueous 
with prolapse of the iris in front of the knife. Tearing out of the fixation 
forceps may likewise be due to the pull of the knife. It is easier to develop 
the necessary momentum for the oblique upward sweep and so to avoid these 
complications by using a knife with a broad, flat handle. Further, it is 
obviously more difficult to commit the mistake of introducing the instrument 
upside down, an error which is connected with the nearly symmetrical 
appearance of the conventional handle. 





* Received for publication March 10, 1960. 
t By John Weiss & Son, Ltd., 17 Wigmore Street, London, W.1. 
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BOOK REVIEWS 


Lehrbuch der Augenheilkunde. (Textbook of Ophthalmology.) By M. Amszir, 
A. BRUCKNER, A. FRANCESCHETTI, H. GOLDMANN, and E. B. StreiFr. 3rd ed., 
1960. Pp. xxiv+1011, 400 figs. Karger, Basel. (Swiss Frs. 130). 

After a lapse of 7 years a new edition of this textbook, now a standard work in 
Switzerland and beyond, has appeared. The two previous editions have already been 
reviewed in these pages; the present edition is of the same authoritative multiple author- 
ship and is little changed from its predecessors but has been carefully brought up to date. 
The main additions to the text include a short section on the electroretinogram by H. E. 
Henkes, new material on physical therapy and on new drugs recently introduced into 
ophthalmology, the occurrence of ocular symptoms in diseases of the skin, and corre- 
lation of ocular deformities with embryological differentiation. For those who read 
German no better summary of ophthalmology and all its clinical aspects can be found. 


An Introduction to Electronics for Physiological Workers. By I. C. WHITFIELD. 2nd ed., 
1959. Pp. 263, 150 figs. Macmillan, London. (18s.). 

The second edition of this well-known book has been revised and extended, notably by 
a chapter on elementary transistor theory and techniques. It remains delightfully easy 
reading, and the wide range of topics covered includes all those likely to be met with by 
physiologists without specialist interests. It is not designed as a laboratory manual, and 
cannot be used in the design of circuits, or to analyse the mode of operation of unfamiliar 
apparatus. As an introduction to the subject for the unmathematically minded it is the 
best book in its field. 


Ocular Vertical Deviations and Nystagmus. By J. RINGLAND ANDERSON. 2nd ed., 
1959. Pp. 189, 60 figs., 15 tables, bibl. B.M.A., London. (2 guineas). 

Ringland Anderson, having completely re-written this interesting monograph, has 
presented us with a new book, and is much to be congratulated on it. For here we find 
a description of every sort of vertical muscle anomaly and great detail about the theories 
relating to their cause. 

There is considerable reference throughout the book to the work of others and the 
views of different authors have been freely quoted, which often—sometimes completely 
—leaves one in doubt as to the opinion of the author himself. 

However, there are many indications in this book that the author has made a life-long 
study of vertical deviations and has himself carried out much clinical research, for we find 
a large amount of valuable practical advice, not only as regards examination and diagnosis, 
but also in the realm of treatment. 

The production and illustrations are excellent. 


Books REVIEWED IN OPHTHALMIC LITERATURE 


Atlas of Diabetic Retinopathy. A Photographic Study. By H.-W. Larsen. (Reports of 
the Steno Memorial Hospital and the Nordisk Insulinlaboratorium) Vol. 8, 1959. 
104 figs. Copenhagen. (See also Acta ophthal. (Kbh.), 37, Suppl. 59, 1959, and 
Ophthal. Lit. (Lond.), 13, 3548, 1959. 


Diabetic Retinopathy. An Ophthalmoscopic Study with a Discussion of the Morphological 
Changes and the Pathogenetic Factors in this Disease. (Text to the Atlas detailed 
above) by H.-W. LARSEN. 1960. Pp. 89, 222 refs. Copenhagen. (See also 
Acta ophthal. (Kbh.), 38, Suppl. 60, 1960, and Ophthal. Lit. (Lond.), 14, 1032, 1960. 
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COMMUNICATIONS 


REACTION OF ANIMAL EYES TO SANGUINARINE 
AND ARGEMONE OIL* 


BY 


GRAHAM C. DOBBIEt AND MAURICE E. LANGHAM{ 
From the Institute of Ophthalmology, University of London 


Our interest in the reaction of the eye to the oil extracted from the seeds of 
Argemone mexicana and to the alkaloid sanguinarine (Fig. 1), a constituent 
of argemone oil, arose from the recent studies of several groups of investiga- 
tors. Hakim (1954) observed that subconjunctival injections of either 
argemone oil or sanguinarine to rabbits and monkeys produced a marked 
rise in intra-ocular pressure, and he concluded from these and other studies 
that sanguinarine induced a glaucomatous condition in animals similar to 
open-angle glaucoma. Lieb and Scherf (1956) studied the effect of intra- 
venous injections of sanguinarine and related alkaloids on the intra-ocular 
pressure of rabbits, and observed that a single injection of sanguinarine 
caused an ocular hypertension lasting 30 to 45 minutes. The authors sug- 
gested that the alkaloid acted on a pressure regulatory centre located in the 
central nervous system, and this view found experimental support in the 
communication of Hakim (1957) that a chronic ocular hypertension could 
be induced in conscious cats by periodic injections of very small quantities 
of sanguinarine into the lateral ventricles. Unfortunately, no detailed 
report on this latter study has yet been published. Finally, Leach and 
Lloyd (1956) reported that a chronic ocular hypertension in monkeys could 
be induced by prolonged feeding with sanguinarine, and Shevalev (1957) 
observed a glaucomatous-like condition in cats injected with argemone oil 
daily. 


Fic. 1.—Chemical structure of the alkaloid sanguinarine (C29H;5NOs). 





* Received for publication July 26, 1960. 
+ The Retina Foundation, Boston, Massachusetts. 
t The Wilmer Institute, Johns Hopkins Medical School, Baltimore 5, Maryland. 
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The above studies relate closely to the clinical condition of epidemic 
dropsy which is now generally accepted to be due to contamination of covk- 
ing oils with argemone oil (Chopra, Pasricha, Goyal, Lal, and Sen, 19.9; 
Lal, Das Gupta, Mukherji, and Adak, 1941; Meaker, 1951). Outbreaks of 
epidemic dropsy have been reported to be accompanied by a high incidence 
of glaucoma which closely resembles primary open-angle glaucoma (May- 
nard, 1909; Kirwan, 1934, 1936; Dutt, 1950). 

The aim of this study was to elucidate the mechanism by which sanguin- 
arine, injected either intravenously or intraventricularly, produced acute and 
chronic changes in intra-ocular pressure. In addition, it was hoped to 
establish whether the action of argemone oil in producing tissue oedema 
could be ascribed to the alkaloid sanguinarine. 


Methods 


Adult rabbits of the New Zealand white strain, weighing between 2 and 3 kg., 
cats of 1 to 4 kg., and hens of approximately 2 kg. were used in this study. Rab- 
bits were fed Diet 18 pellets (Associated London Flour Millers), water ad lib, and 
hay once a week. Cats were fed on a commercial cat food (Kit-e-Kat) and milk. 
Hens were fed standard layers mash, 4 oz. mixed corn and wheat daily, and water 
ad lib. 

In manometric studies the intra-ocular and femoral arterial pressures were 
measured, using a Sanborn 150 M rectilinear pen recorder and Sanborn 267 B 
pressure transducers following the technique described by Langham (1959). 
Tonometric studies were made with a standard Schiétz tonometer on conscious 
animals under topical 0-2 per cent. Novescine anaesthesia. Cats were cradled in 
the arms of one operator while a second took the readings; measurements on rab- 
bits were made with the animals placed on their sides. Not all animals were 
suitable for these experiments and only those were selected which gave reproducible 
readings over a period of 2 to 3 days before experimentation. Cannulation of 
the left or right lateral cerebral ventricle was made following the technique of 
Feldberg and Sherwood (1953). Animals were left for 7 to 10 days post-operatively 


before experimentation. 


Analysis.—Colorimetric and fluorescent methods for the quantitative deter- 
mination of sanguinarine were developed. 

The colorimetric method was based on the finding that sanguinarine in acid 
solution has an absorption peak at a wavelength of 455 mp. At this wavelength 
the optical density of an acid solution of sanguinarine increased directly with 
concentrations from 0 to 1 mg. per cent. For the determination of sanguinarine 
in plasma, 1 ml. plasma was dissolved in 9 ml. 5 N HCI solution. The optical 
transmission was read immediately against a plasma blank at a wavelength of 455 
my in a cuvette having a 3 cm. light path. A concentration of 10 mg. sanguinarine/ 
100 ml. gave an optical density reading of 0-45 under these conditions. Readings 
were taken on a Unicam SP. 600 spectrophotometer. 

The fluorometric technique was developed for the determination of concentra- 
tions of sanguinarine below 1 mg. per cent. 1 ml. plasma was dissolved in 14 ml. 
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10 NHCI solution and the fluorescence read against a plasma blank. The fluor- 
escence was measured using a Phoenix light-scattering apparatus coupled to a 
Tinsley V.S. 6-4500 galvanometer. The Phoenix recorder has a mercury vapour 
light source and a 1P21 R.C.A. photomultiplier tube. For concentrations of 0 
to 0-5 mg. per cent. sanguinarine in plasma, the fluorescence was found to increase 
directly with concentration. 

To extract sanguinarine from tissues, the tissue extract was made alkaline with 
NaOH and shaken with chloroform. The chloroform extract was then evaporated 
to dryness and the lipid taken up with benzene. Finally, the sanguinarine in the 
residue was dissolved in 5 N HCl. 

The adsorption of sanguinarine on plasma proteins was studied using Visiking 
dialysis tubes and the dialysis apparatus described by Davson, Duke-Elder, and 
Maurice (1949). Electrophoretic studies were carried out in a solvent of 10 
per cent. (w/v) formic acid at a voltage of 1,000 V and a current of 4-10 m.amp. 
Crystalline sanguinarine nitrate was obtained from Fluka (Switzerland). This 
preparation was recrystallized from hydrochloric acid to obtain the sanguinarine 
chloride. The final crystalline powder was compared for purity against a sample 
of pure sanguinarine chloride kindly supplied by Dr. J. Walker (Medical Research 
Council) and the results indicated that the sanguinarine used in these studies 


contained over 95 per cent. sanguinarine chloride. 


Results 


MANOMETRIC STUDIES.—The influence of an intravenous injection of san- 
guinarine on the intra-ocular and femoral blood pressures of an anaesthetized 


cat is shown in a typical result in Fig. 2 (overleaf). At this dosage the blood 
and intra-ocular pressures changed synchronously and returned to normal in 
5to 10 minutes. Similar experiments were made on a total of eight cats and 
in each animal an intravenous injection of 2 to 6 mg./kg. caused a transient 
increase in the femorai and intra-ocular pressures. A lower dose of san- 
guinarine caused little, if any, change in pressure, while a rapid intravenous 
dose of more than 6 mg./kg. caused respiratory distress and an irreversible fall 
in both the blood and the intra-ocular pressures (Fig. 3, overleaf). In view of 
the possibility that the transient pressure changes were caused by the acidity 
of the sanguinarine solution, control experiments were made in three of the 
same group of cats. In these animals an intravenous injection of an equiva- 
lent amount of hydrochloric acid caused no change in the blood and intra- 
ocular pressures. 

Attempts to prolong the pressure changes in cats after intravenous injec- 
tions of sanguinarine were made employing a continuous infusion technique. 
In two cats infusions of 4 and 10 mg./kg. in 10 minutes failed to modify the 
blood or intra-ocular pressures, while in the same animals a rapid intravenous 
injection of 4 mg./kg. sanguinarine gave the typical transient increase in 
blood and intra-ocular pressures described above. In two further cats an 
infusion of 4 mg./kg. in 10 minutes failed to prolong the rise in pressure 
caused by a preliminary rapid intravenous injection of 4 mg./kg. 
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Fic. 2.—Effect of an 
intravenous injection of 
2 mg. sanguinarine per 
kg. on the femoral and 
intra-ocular pressures 
of a cat anaesthetized 
with Urethane. 








[ min. | 

The immediate response of rabbits to intravenous injections of sanguin- 
arine differed from that of cats (Fig. 4, overleaf). Eight rabbits were given 
4 mg./kg. sanguinarine intravenously and in all animals the intra-ocular pres- 
sure increased and returned to normal within 10 to 15 minutes. However, 
the femoral blood pressure of seven of these animals decreased concurrently 
with the increase in intra-ocular pressure, and in the eighth rabbit the blood 
pressure remained constant in spite of a rise of 15 mm. Hg in the intra- 
ocular pressure. Higher doses of sanguinarine caused irreversible falls in 
both the blood and intra-ocular pressure. In three rabbits an infusion of 
10 mg./kg. given over 10 minutes failed to prolong the ocular hypertension 
caused by a preliminary rapid intravenous injection of 4 mg./kg. sanguinarine. 

In a further attempt to induce a change in the steady state intra-ocular 
pressure, three rabbits were injected intravenously with 4 mg./kg. sanguin- 
arine every 30 minutes for 3 hours. At the end of this period, the animals 
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Fic, 3,—Influence of an intra- 
venous injection of 6 mg./kg. 
on the femoral and intra-ocular 
pressures of a cat (wt. 3-3 kg.) 
anaesthetized with Urethane. 
The superior cervical ganglion 
of the left eye (lowest record) 

d been extirpated 24 hours 
Gevitwaly. 





ye 
{ min ] 


were anaesthetized with Urethane and the blood and intra-ocular pressures 
measured. The mean intra-ocular pressure of the six eyes was 20-5+ 1-2 
mm. Hg, and the femoral blood pressures in the three animals were 110, 
115, and 90 mm. Hg. These values are not significantly different from 
those found in untreated rabbits measured under the same experimental 
conditions (Langham, 1959). 

The effect of an intraventricular injection of sanguinarine on the blood 
and intra-ocular pressures was measured manometrically in a series of 
eight cats and two rabbits. In both species it required an injection of 10 
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Fic. 4.—Influence of an intra- 
venous injection of sanguinarine 
(2 mg./kg.) on the femoral and 
intra-ocular pressures of a rabbit 
(wt. 2-5 kg.) anaesthetized with 
Urethane. 


= 





{ min. ] 


to 50 ug. to give a significant change in ocular pressure, whereas an intra- 
venous injection of 1,000 to 5,000 ng. was required to give a similar ocular 
response. 10 to 50 yg. sanguinarine injected into the lateral ventricle of 
cats caused a transient increase in the blood and intra-ocular pressures; a 
typical result is shown in Fig. 5 (opposite). In the same animals, atropine 
given intravenously (1 to 2 mg./kg.) completely inhibited this response. 

With intraventricular injections of 50 to 100 ug. sanguinarine, the effects 
were more prolonged. Thus, in two cats given 60 and 80 yg. sanguinarine 
respectively, the blood pressure increased from initial values of 140 and 110 
mm. Hg to 180 and 160 mm. Hg and the hypertension was maintained until 
termination of the experiments 1 to 2 hours later. _ In the same animals, the 
changes in intra-ocular pressure lasted only 15 to 20 minutes. Confirmation 
of this transient effect on intra-ocular pressure in the presence of a sus- 
tained blood pressure rise was found in measurements of the pressure in the 
untouched contralateral eye 30 minutes after the injection of sanguinarine; 
at this time the pressures in the eyes of the two cats were normal. Ina third 
cat, an intraventricular injection of 80 ug. sanguinarine caused a rapid 
increase in the blood pressure to well over 200 mm. Hg and the animal died 
5 minutes after the injection (Fig. 6, overleaf). 
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Fic. 5.—Effect of an intra- 
ventricular injection of 10 pg. 
sanguinarine on the femoral 
and intra-ocular pressures of 
a cat (wt. 2 kg.) anaesthetized 
with Urethane. 





[min ] 

The blood and intra-ocular pressures of the two rabbits given intra- 
ventricular injections of sanguinarine reacted in a similar manner to those 
described for cats. Injections of 20 ug. caused a reversible increase in blood 
and intra-ocular pressures while injections of 80 and 100 ug. caused a sus- 
tained increase in blood pressure but only a transient increase in the intra- 
ocular pressure. 


Experiments on Conscious Animals.—Ten conscious cats were injected with 
sanguinarine into the lateral ventricles through an indwelling cannula and from 
observations on these animals a characteristic pattern of response emerged. 
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Fic. 6.—Action of 100 xg. 
sanguinarine injected into the 
lateral ventricle of an anaes- 
thetized cat. The blood pres- 
sure rose to a mean value of 
240 mm. Hg and cardiac arrest 
took place (5 min. after the 
injection). 
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With small doses (10 
to 30 yg.) there is no 
reaction and the cat 
continues to purr and 
play. Atslightly higher 

Oo doses (40 to 60 ug.) 

[min ] the cat shows an 
immediate reaction; within 15 seconds it stops purring, withdraws into a 
corner and remains disinterested in its surroundings and food for periods up 
to 12 hours. During this time, the cat shows no sign of being distressed but 
keeps its eyes half closed and has marked photophobia. Provided no fur- 
ther injections are made, the cat recovers completely within 24 hours. If the 
intraventricular injections are increased above 60 yg. the reactions are more 
severe. The pupils dilate maximally, respiration becomes shallow and rapid, 
the animal becomes very lethargic, and sometimes the head is held down on 
the same side as that of the injection. 

On the basis of these acute experiments, single doses of between 30 and 
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60 wg. sanguinarine given periodically were used to study the chronic effects 
of sanguinarine on the eye. In individual animals the dosage was increased 
to just below the level at which marked and fatal effects occur. The results 
of these experiments are shown in the Table and detailed tonometric observa- 
tions on some of these animals are shown in Fig. 7. 


TABLE 


THE EFFECT OF REPEATED INTRAVENTRICULAR INJECTIONS OF 
SANGUINARINE ON THE INTRA-OCULAR PRESSURE OF CONSCIOUS CATS 





Cat. No. bey a Time Intra-ocular Pressure 





Initial 





9095 680 | 
9100 1,000 
9127 1,020 | 
9129 520 
9240 510 “8 40: 
9278 740 74£0- | 
9330 460 | 
9331 240 | 

| 


The total amount of sanguinarine (Col. 2) was given in approximately equal amounts daily 
over the experimental period (Col. 3). The pressure was measured with a standard Schidtz 
tonometer (7:5 g.) and the pressure readings are expressed in scale units. The initial readings 
represent the mean of six readings taken during the 3 days before injections of sanguinarine, 
and the final pressure readings represent the mean of six readings taken during the last 3 days of 
the experiment. 
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DAYS 
Fic. 7.—Tonometric readings taken on six cats given intraventricular injections of 30 to 50 yg. 
sanguinarine daily. 
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It will be seen that no significant increase occurred in the steady state 
intra-ocular pressure in the eye. At the termination of the experiments, the 
pressures in the femoral artery and the eyes of three of these animals were 
determined manometrically and found to be 110, 110, 130 and 20,18, 22 mim. 
Hg respectively. The eyes of the same animals were then fixed intravitally, 
sections of the whole eye were studied histologically, and were all found io 
be normal. 


Feeding Experiments with Sanguinarine and Argemone oil.—Four adult 
rabbits were fed an average of 175 mg. sanguinarine daily for a period of 
3 weeks and ocular tensions were recorded periodically with a Schidtz 
tonometer. All four animals remained in good health and no significant 
change occurred in their intra-ocular pressures. At the end of the experi- 
mental period, the intra-ocular pressures of two animals were 21 and 22-5 
mm. Hg measured manometrically. 

Similar experiments were carried out on chickens, in view of the findings of 
Hart (1941) that hens fed Argemone seeds developed oedema of the wattles 
and combs. Four hens were given sanguinarine daily for a period of 21 to 
42 days. Two hens received 1,000 mg. in 21 days and two were fed 2,390 and 
2,370 mg. in 42 days. All four hens remained completely healthy, gained in 
body weight, and continued to lay eggs. Sanguinarine was extracted from 
these eggs and characterized by its emission spectrum under ultra-violet 
irradiation and also by its electrophoretic mobility. Hens 3 and 4 were 
anaesthetized at the end of the feeding experiment and the intra-ocular pres- 
sures were found to be 18 and 17 mm. Hg by the manometric technique. The 
same animals were fixed intravitally and sections of the eye prepared for 
histological examination. No pathological changes were found in these eyes. 

Similar feeding experiments on rabbits and hens given argemone oil were 
then undertaken. Three rabbits were given a total of 22-8, 48-0, and 38-0 ml. 
argemone oil over a period of 21 days. The intra-ocular pressures were 
measured tonometrically during the 3-week period and did not vary signifi- 
cantly. At the end of the 21-day period, the rabbits appeared to be in 
normal health and their intra-ocular pressures, measured manometrically, 
were found to be normal. No evidence of oedema was seen in any animal 
and histological examination of the eyes indicated that no pathological 
changes had occurred. 

Four hens were given 2 ml. argemone oil daily and all showed definite 
reaction to the oil, starting at the 4th to 6th day. They appeared lethargic 
and this was followed in 1 to 2 days by slight to moderate oedema of the 
wattles and combs (Fig. 8, opposite). By this time the chickens preferred to 
sit down in their cages with eyes closed. Within the next 24 to 36 hours, they 
developed a peculiar stiff-legged gait when forced to stand and walk. At this 
stage the wattles were markedly oedematous and cyanotic. The chickens did 
not eat, and sat with their heads drooping and eyes closed. The intra-ocular 
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(a) 
Fic. 8.—Effect of argemone oil on a chicken, (a) before, and (b) 7 days after receiving 2 ml. 
argemone oil daily by mouth. Note swollen wattles and photophobia. 


pressures of two hens which showed marked oedema of the wattles were 
found to be 17 and 19 mm. Hg measured manometrically. The eyes of 
these birds were studied histologically but no pathological changes were 
seen. 


CHEMICAL STUDIES.—Sanguinarine was found to disappear very rapidly from 
the plasma after an intravenous injection. No sanguinarine was detectable 
in the plasma 30 seconds after an intravenous injection of 4 to 20 mg./kg. 
The dosage of 20 mg./kg. always caused the death of a rabbit within 5 to 10 
minutes and, as reported above, injections of 4 mg./kg. produced a marked 
transient change in the blood and intra-ocular pressures. The analytical 
method was sufficient to detect a concentration of 0-1 mg. sanguinarine/100 
ml. of plasma. 

The adsorption of sanguinarine on plasma proteins and the blood cells 
was studied in vitro. When plasma was dialysed against an equal volume 
of physiological saline containing a concentration of 1 to 20 mg. sanguin- 
arine/100 ml., the plasma proteins were found to adsorb over 95 per cent of 
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the sanguinarine. When whole blood was dialysed against saline containi:g 
1 to 20 mg. sanguinarine/100 ml., the sanguinarine again passed into the sac 
containing the whole blood, but under these conditions, sanguinarine was 
not found on the plasma protein. This result indicated that sanguinarine 
is preferentially adsorbed on the blood cells. An attempt was made io 
recover sanguinarine from the red cells by the extraction procedure, but 
quantitative analysis of the extract was complicated by the presence of the 
blood pigments. The presence of sanguinarine in the red cells was, how- 
ever, demonstrated by electrophoresis of the acid extract. 


Discussion 
These results fail to support the contention of recent investigators that 
sanguinarine or argemone oil may be used to produce a chronic ocular 
hypertension in animals. Furthermore, the results indicate that sanguinarine 
is not responsible for the oedema developed from the ingestion of argemone 
oil. These conclusions are based principally on three observations: 


(a) That the immediate effect of intravenous and intraventricular injections 
of sanguinarine on the intra-ocular pressure of cats and rabbits was of 
a transient nature; 

(b) that repeated intraventricular injections of sanguinarine in cats and 
repeated oral administration of either sanguinarine or argemone oil 
to cats and rabbits failed to cause a sustained increase in intra-ocular 
pressure; 

(c) that argemone oil but not sanguinarine produced oedematous and 
general toxic changes in chickens. 


A change in the steady state intra-ocular pressure in the eye may be 
brought about by an alteration in either the rate of formation or the resist- 
ance to outflow of the aqueous humour; a transient pressure change may be 
due to the extra-ocular muscle tone or the intra-ocular blood volume. In 
the latter case, alterations in pressure will be readily compensated for by a 
reciprocal change in the volume of the aqueous humour. The pressure 
changes induced by administration of sanguinarine were of a transient nature 
and all attempts to produce a prolonged effect failed. This was true even 
when an injection of sanguinarine caused a prolonged increase in the blood 
pressure; under these conditions the intra-ocular pressure increased con- 
currently with the femoral arterial pressure but returned to normal within 
15 to 20 minutes. 

The immediate influence of an intravenous injection of sanguinarine on the 
intra-ocular pressure of rabbits could not always be ascribed to a change in 
the systemic blood pressure. However, under these conditions, the intra- 
ocular pressure in the eye rapidly returned to normal and all attempts to 
produce a steady state pressure change failed. 
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The observations that repeated intraventricular injections of sanguinarine 
in conscious cats did not induce a sustained rise in intra-ocular pressure are 
in contradiction to the claim of Hakim (1957). No reason, however, can be 
given for this discrepancy as no detailed report of his study has yet been 
published. In his communication, Hakim pointed out that the intraven- 
tricular route was approximately 100 times more effective than the intra- 
venous route in producing an increase in intra-ocular pressure and he 
considered this to indicate the effect of central nervous activity on the equi- 
librium pressure of the eye. These observations have been confirmed but, 
as stated above, no steady state pressure change in the eye was observed 
under these conditions. 

A chronic increase in the intra-ocular pressure of animals given either 
sanguinarine or argemone oil has been reported by Hakim (1954, 1957), 
Leach and Lloyd (1956), and Shevalev (1957). Hakim (1957) obtained the 
response in rabbits by daily subconjunctival injections of sanguinarine but, 
in view of the marked acidity of sanguinarine and its irritative properties, 
the observation has questionable physiological significance. Leach and 
Lloyd (1956) reported that monkeys fed 8 mg. sanguinarine daily over a 
period of 7 to 18 months developed a significant increase in intra-ocular 
pressure. No changes in the optic disc of these animals were seen and it 
was reported that intra-ocular pressure in these animals could be brought 
back to normal within 15 minutes by the local application of pilocarpine. 
Withdrawal of the alkaloid resulted in a return of the pressure to normal in 
3 to 5 weeks. Shevalev (1957) measured tonometrically increases of 5 to 15 
mm. Hg in the intra-ocular pressure of cats injected with argemone oil, but 
no pathological changes were demonstrable in these eyes. 

The results of the comparative activity of sanguinarine and argemone oil 
on chickens are considered strongly to suggest that sanguinarine is not the 
alkaloid responsible for the oedema developed from the ingestion of argemone 
oil. Sanguinarine proved to be surprisingly non-toxic to these animals, and 
intakes of 2,400 mg. over a period of 42 days caused no apparent impair- 
ment of health. On the other hand, 2 ml. argemone oil given daily caused 
marked tissue oedema and general toxic reactions within 5 days. Sarkar 
(1948) reported that argemone oil contained two principal alkaloids, san- 
guinarine and dihydrosanguinarine, and that the latter formed approxim- 
ately 90 per cent of the total alkaloid content. It would therefore be of 
interest to know whether dihydrosanguinarine rather than its oxidized 
product, sanguinarine, is biologically the more active of the two. 

The reaction of the human body to argemone oil became of importance 
with the evidence of Lal and Roy (1937) and Lal, Mukherji, Das Gupta, and 
Chatterji (1940) that the disease, epidemic dropsy, was caused by the inges- 
tion of mustard seed oil contaminated with argemone oil. Their findings 
have been confirmed by other investigators (Steyn, 1950; Meaker, 1951) 
and direct observations on the toxicity of argemone oil on human volunteers 
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have been described by Chopra, Pasricha, Goyal, Lal, and Sen (1939) and 
Lal and others (1941). In these studies, volunteers fed 40 to 50 oz. arge- 
mone oil over a 30-day period were found to develop oedema and typical 
signs of epidemic dropsy. The patients recovered within 4 to 5 days after 
withdrawal of the oil. 

An association of glaucoma with epidemic dropsy has been reported by 
several investigators, but detailed supporting clinical evidence is difficult to 
find. Maynard (1909) and Kirwan (1934, 1936) reported that outbreaks 
of epidemic dropsy were accompanied by numerous cases of glaucoma, and 
Dutt (1950) stated that the incidence of glaucoma in people with epidemic 
dropsy varied from 2 to 30 per cent.; unfortunately, no statistics were given 
in these papers. Kirwan (1934, 1936) concluded that the glaucomatous eyes 
were characterized by a very high intra-ocular pressure, a deep anterior 
chamber, and corneal oedema. Histological examination of these eyes 
revealed that there was a gross dilatation of the choroidal capillaries. 
Kirwan (1936) also reported detailed case histories of twelve patients with 
glaucoma associated with epidemic dropsy. At the time of the eye examina- 
tion, the patients showed no definite signs of dropsy although slight oedema 
of the legs was observed in five and a history of epidemic dropsy in six. The 
intra-ocular pressures were in the range of 40 to 60 mm. Hg, and were 
brought under control by trephine operations. At the time his paper was 
written, the relationship between epidemic dropsy and argemone oil had not 


been generally accepted, and it is therefore difficult to evaluate from the 
evidence presented therein whether the glaucoma was dependent on the 
ingestion of the oil. In this connexion, it is of interest that in the two 
series of volunteers fed argemone oil no glaucomatous changes were observed 
in spite of the oedema (Lal and others, 1941). Similarly, in the present study 
there was no increase in the intra-ocular pressure in the eyes of hens, rabbits 
or cats fed argemone oil. 


Summary 

(1) A study has been made of the reaction of rabbit, cat, and chicken eyes 
to sanguinarine given by mouth, intravenously, or intraventricularly, and to 
argemone oil fed to chickens and cats. 

(2) In acute manometric studies, intravenous and intraventricular injec- 
tions of sanguinarine were found to cause transient but no steady state 
increase in the intra-ocular pressure in rabbits and cats. In cats, the 
transient pressure changes have been ascribed to similar changes in the 
systemic blood pressure. 

(3) Feeding or intraventricular injections of sanguinarine to rabbits, cats, 
and hens for periods up to 42 days caused no change in intra-ocular pressure 
and no histological changes in the eyes. 

(4) Feeding argemone oil to hens caused oedema of the wattles and combs 
within 5 days. 
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(5) It is concluded that sanguinarine produces only transient changes in 
intra-ocular pressure and has no effect on the steady state fluid dynamics of 
the eye. Furthermore, it is believed that sanguinarine is not the alkaloid 
responsible for the tissue oedema produced in hens fed argemone seeds or 


oil. 
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EXPERIMENTAL HEMERALOPIA UNCOMPLICATED 
BY XEROPHTHALMIA IN MACACUS RHESUS* 


BY 


F, C, RODGER}, A. D. GROVER, AND A. FAZAL 
From the Institute of Ophthalmology, Aligarh University, India 


THE primary aim of this study was to see whether structural changes occurred 
in the retinae of monkeys suffering from night blindness as a result of a 
deficiency of vitamin A induced in such a way that xerophthalmia would 
not complicate matters. In India, as elsewhere, night blindness is common 
as an isolated phenomenon for which there may be several causes in addition 
to that of vitamin A deficiency (Rodger, Dhir, and Hosain, 1960). It has 
even been reported as an endemic disease (Patwardhan, 1958). The studies 
of Wald, Jeghers, and Arminio (1938), Wald, Brouha, and Johnson (1942), 
and Hume and Krebs (1949) have shown without question that a raised 
light threshold can be induced in human subjects placed on a diet deficient 
in vitamin A without the complication of xerosis of the cornea; the reason 
for this seems to depend on the rapidity with which the vitamin A status is 
lowered in man to a critical level below which symptoms of night blindness 
develop, and this in turn seems to depend upon the state of the liver reserve 
of vitamin A at the outset of the deficiency. Such studies as those just 
mentioned and that of Tilden and Miller (1930) on monkeys, not to speak 
of our own experience of avitaminosis A in the tropics, strongly suggested 
that the way to achieve the aim of inducing hemeralopia, without xeroph- 
thalmia complicating the response to light and the histology, is to ensure 
that there is a good liver reserve of vitamin A at the outset, even although 
it is likely to prolong the study somewhat. 

From the work of Tansley (1933), Johnson (1939, 1943), Ramalingaswami, 
Leach, and Sriramachari (1955), and Dowling and Wald (1958), it is clear 
that gross retinal degeneration occurs in rats and monkeys at a stage of 
deficiency at which the corneal epithelium and stroma are both involved; 
such retinal changes, of course, need not necessarily exist when the external 
eye is healthy and the sole complaint that of night blindness. We have in 
fact no idea of the appearance of the retina in such circumstances, either in 
man (where the eye cannot be removed) or in experimental animals (for these 
conditions have never been reproduced). Where xerophthalmia is present 
in man, the plasma values of the vitamin and of carotenoids, are low, more 
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especially the former, and as far as one knows the liver reserves are nearing 
depletion, if not already depleted. Clearly severe night blindness must 
exist. On the other hand where night blindness is an early symptom, it is 
generally agreed that the plasma values of vitamin A may be reduced only 
moderately, if at all, although the carotenoid values may be halved (Hume 
and Krebs, 1949). As the deficiency persists, however, there is no doubt the 
vitamin A levels are reduced relatively more than the carotenoid (Rodger, 
Saiduzzafar, Grover, and Fazal, unpublished). One is forced to assume 
from this that there is a critical blood level (which varies for the individual) 
at which hemeralopia develops in man before xerosis appears. 

Dowling and Wald (1958) claim to have produced evidence (in the rat), 
by using the electroretinogram, that night blindness existed before the 
animals were killed. Unfortunately, xerosis of the cornea was present, and 
moreover the histological work is not very convincingly reported in this 
paper. Changes in the rat retina are difficult to interpret because it is 
subject to spontaneous degenerations, often found in control animals, and 
in addition it is especially prone to artefact. All these factors influenced 
the format of the present study: we selected monkeys in preference to rats; 
we used a dark adaptometer specially devised to replace the electroretino- 
gram in the hope that it would provide substantial direct evidence that the 
thresholds were raised; we planned the experiment with the intention of 
producing hemeralopia but not xerophthalmia; when we examined the retinae 
we used the low viscosity nitrocellulose method of embedding which gives 
rise to the minimum of distortion (Leach, 1952). 


Methods 


(1) SELECTION OF ANIMALS.—Ten healthy young growing Macacus rhesus 
monkeys averaging about 5 lb. in weight at the outset were selected from an initial 
stock of thirty obtained from a central laboratory. Seven were placed on a diet 
deficient in vitamin A, and three acted as controls, being fed throughout the 
stock animal-house diet for monkeys. Tuberculosis is a hazard among monkeys 
and one of the deficient animals died of this after a month. Three more died near 
the end of the study from an ulcerative colitis, which Tilden and Miller (1930) 
believe to be a true complication of avitaminosis A in Macacus rhesus; this lesion 
responds only to restitution of vitamin A in the diet, antibiotics being ineffective. 
The results were based on the three animals which survived in good health until 
they were killed. 


(2) ADMINISTRATION AND COMPOSITION OF DIET 
(a) Solids (g.): 


Casein, vitamin free 

Rice, roughly polished 
Salt mixture, Steenbock 40 
Arachis oil, vitamin free 
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These solid aliments were baked freshly each day as an unleavened bread mich 
favoured by the monkeys. In addition, one-half of a banana, containing a slizht 
trace only of vitamin A, was given daily. 


(b) Fluids 

(i) Water-soluble Vitamins (mg.): 
Thiamine 
Riboflavin 
Nicotinic acid 
Pyridoxin 
Choline 
Ca pantothenate 
Inositol 
Paraminobenzoic acid 
Biotin. . 
Ascorbic acid 

This mixture was administered daily by tube. 

(ii) Fat-soluble Vitamins (mg.): 

Calciferol 


a tocopherol acetate 
Methianone . 


This mixture was administered weekly by tube. 
Water was freely given by day and night. 


(iii) Vitamin A.—Arovit (ROCHE) 5,000 i.u. weekly was administered as 


an oral supplement to each monkey 2 months before the start of the deficient 
diet. 


(3) DARK ADAPTOMETRY.—The apparatus (Rodger, 1959) consists essentially 
of a long tunnel, in which four protruding obstructions require to be circumvented, 
and through which the monkeys are passed daily before feeding. The obstructions 
are moved each time into random positions, so the route may never be learned. 

The time taken to traverse the tunnel and the number of times the animals 
bump into the obstructions placed in their path are recorded daily and form the 
basis of the assessment of the point at which the light threshold is raised. At the 
outset an electric current passing through the obstructions trains the monkeys to 
by-pass them; this is quickly learned. When the obstructions are subsequently 
touched a system of warning lights informs the experimenter. Similarly, a warning 
pilot light indicates when the tunnel has been traversed; the animal is then per- 
mitted to enter its cage where its daily feed awaits it. 

The apparatus is shown in Fig. 1a (opposite) and a diagram of the electrical wiring 
in Fig. 1b (opposite). The illumination within the tunnel, suitably filtered if 
required, can be controlled either by a built-in photometer, or in accordance with 
the experimenter’s own threshold. We were interested in the effect of vitamin A 
deficiency on the cone as well as on the rod components of the curve, and so after 
an initial period of 10 minutes of adaptation in daylight (which in the tropics 
seldom varies) dark adaptation was carried out for 7 minutes. Confined in the 
tunnel, the writers (on several occasions) could just make out the outline of the 
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Fic. 1 (a).—Dark-adaptation tunnel. Light- 
adapted monkey is on the point of entering 
the dark-adaptation chamber. Its subsequent 
passage down the tunnel, during which it will 
be required to circumvent four obstructing 
walls, is recorded by the system of lights on the 
central control panel. 


Fic. 1 (6).—Diagram of electric wiring of dark- 
adaptation tunnel, showing transformer to 5 
volts, obstructions wired to neon lamps, roof 
lights, and pilot trigger at exit which indicates 
completion of journey. 
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the 2-month period when vitamin A supplement was administered followed by a 
F the 5-month period whex the monkeys were placed on a diet deficient in all but a 
trace of vitamin A (present in half a banana). 
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(4) OTHER OBSERVATIONS.—The animals were weighed every fortnight. The 
eyes were examined with the hand slit lamp and the loupe at weekly intervals, 
and even more frequently towards the end. Blood samples for estimating ihe 
vitamin A and carotenoid values were taken at the start—before giving the vitamin 
A supplement—and at the finish. The values were not very high at the outset 
and it seems probable that the diet given in the central laboratory from which the 
animals came had not been rich in vitamin A. The eyeballs were enucleated 
under an anaesthetic immediately before death, which was induced by superim- 
posing a lethal dose of Nembutal on the surgical dose. Liver slices were examined 
with the fluorescent microscope. 
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(5) HisTOLOGICAL TECHNIQUE.—The eyes were fixed briefly in Bouin’s solution 
and blocked in low viscosity nitrocellulose, and the sections were stained with 
Masson, Mallory, van Gieson, Weigert’s elastic tissue stain, and periodic acid- 
Schiff. Unstained sections were also mounted at the outset so that any subsequent 
bleaching of the pigment might be assessed. It is important to note that when 
sections are left for some months in alcohol in light, the residual picric acid from 
the fixative tends to bleach the pigment, a process expedited by the Mallory 
phosphotungstic acid technique, especially where the latter stain is oxidized by 
potassium permanganate instead of being left to ripen on its own. 


Results 


(1) GrowTH.—Fig. 2 (opposite) gives the growth curves of the three deficient 
monkeys, the rations of which contained only a very slight trace of vitamin 
A. It can be seen that within 10 to 20 weeks of starting the deficient diet the 
weights started to fall. The curves are parallel. After 5 months on the diet 
each of the monkeys weighed less than at the outset 7 months before, whereas 
the three control monkeys had doubled their weights. Despite this, the three 
deficient animals remained remarkably active throughout the experiment up 
to the start of the Sth month on the deficient diet. As soon as the three 
showed signs of hemeralopia, they were killed. Right up to the end the 
external membranes of the eyes remained unaffected; there was no xeroph- 
thalmia. 


(2) THRESHOLD FOR LIGHT 


(a) Traverse Times (Table I, opposite).—An analysis of variance showed 
that only deficient Monkey 1 exhibited a significant alteration in the time 
taken to pass through the tunnel, his daily traverse time increasing over 
33 weeks by about 5 seconds. On this evidence only one monkey was night 
blind, but so slight were the differences throughout that there might be 
another explanation. In the three animals, the traverse time was roughly 
a foot a second all through, which means that they consistently from the 
start moved carefully in the dark; only Monkey 1 slowed down in the last 
month. A fair criticism might be made, if it were not for these figures, 
that as the days passed the monkeys became careless, a fact which would 
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Fic. 2.—Growth curves of three Macacus rhesus monkeys over 35 weeks on a diet deficient in 
vitamin A. 
TABLE I 


MONTHLY MEAN DAILY TRAVERSE TIME (SEC.) WITHIN THE 
DARK-ADAPTATION TUNNEL 




















| 
Monkey No. 
Diet Month | nnn a 
| 1 | 2 3 
1 16:7 8-9 12°6 
ecard 2 ee | 8-2 12:0 
| 3 Ree eee 9-0 12:8 
4 15-6 | 8-1 13-1 
Deficient 5 16:3 | 9-0 10-0 
6 18-8 9-0 | 10-2 
| 7 21:4 11-0 | 11-7 
Standard deviation of + 2-02. ag Standard error of the difference between 2 means + 1-43. 
Difference between means of four of 5 per cent. significance + 2-90. 
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reveal itself by shorter traverse times; this did not occur. We feel, in tie 
light of this, that any change shown to be significant statistically is likely 
to be a true change and not an illusory one caused by a variant resulting 
from animal behaviour, especially as all three monkeys maintained a good 
appetite throughout, and by their eager reactions showed clearly that they 
knew the significance of their trip through the tunnel. 


(b) Touches (Table I1).—Analysis of variance of the number of times the 
animals touched the obstructions showed a significant difference in all three 
monkeys as early as the 3rd month (at a time when the growth curves were 
falling sharply); at this point they were touching two, not one, of the obstruc- 
tions as they had at the start; by the end of the 5th month on the other hand 
they quite frequently bumped into three if not all four of the obstructions. 
As their pace either remained the same or was slower, and the animals 
were quite steady and strong, this increased number of touches almost 
certainly represents a true increase, i.e. the touches were made by mistake 
because the monkeys no longer saw clearly at these low illuminations. Thus 
the dark adaptometer would seem to have fulfilled its purpose adequately. 


TABLE II 
MONTHLY MEAN DAILY TOUCHES ON OBSTRUCTING WALLS OF TUNNEL 





Monkey No. 
Diet paid eal 








Normal 





Deficient 

















Standard deviation + 0-40. 
Standard error of the differences between 2 means + 0-28. 
Difference between means of four of 5 per cent. significance + 0-57, 


(3) BLoop VALuES.—In all three animals fluorescence of the liver slices 
on termination of the experiment revealed that this organ had become 
almost if not completely depleted of vitamin A. When this observation is 
combined with the fact that the mean plasma vitamin A level for the group 
had fallen from 110-5 to 0-10 i.u. per 100 ml., and the mean carotenoid level 
from 75 to 44 mcg. per 100 ml., there can be little doubt that the animals 
were suffering from a marked degree of hemeralopia, especially if the sub- 
jective observations made with the dark adaptometer are also taken into 


consideration. 
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(4) Microscopic APPEARANCE OF THE Eyes (Figs 3-6).—In all three control 
monkey eyes, for about 5 mm. on each side of the fovea, the retinal pigment 
epithelium has a characteristic appearance, exactly corresponding to what 
we observe in the human eye. This appearance is one where the base of 
the epithelium is clear of all pigment, so that the round clear nucleus can 
be seen in each pigment cell. Pigment granules are present in the inner 
part of the cytoplasm of the pigment cell and in their processes. Outside 
this central (or posterior) area of the monkey fundus, the pigment distribu- 
tion within the epithelium is more variable, tending always to be more dense, 
and to trespass on the outer (i.e. lower) part of the pigment cell, partly 
concealing the nucleus. The further out one goes (i.e. anteriorly), the greater 
is this effect. 


Fic. 3.—Retina of control monkey unstained. The faint line above the heavily pigmented 
choroid corresponds to the base of the retinal pigment epithelium. The clear space between 
this and the pigment granules above is characteristic of the cells in the posterior retina. 500. 


Fic. 4.—Retina of Monkey 7, deficient in vitamin A, unstained. Here the space between the 
base of the cell and the pigment granules has almost disappeared. 500. 
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eee 


Fic. 5.—Retina of control monkey stained with Masson’s trichrome technique. The nuclei of 
the retinal pigment epithelial cells are free of pigment. 500 


ats 


Fic. 6.—Retina of Monkey 6, deficient in vitamin A, stained with Masson’s trichrome technique. 
Here the nuclei can no longer be seen. This is the only consistent change observed. x 500. 


The retinal pigment epithelium in the posterior area was abnormal in all 
three deficient monkeys. In one monkey the change was only partially 
significant; however, in a most striking manner the other two deficient 
monkeys revealed in the posterior area, for about 5 mm. on each side of the 
fovea, a clumping of the pigment granules within the cell bodies of the 
pigment epithelium, so that the processes were somewhat denuded of 
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pigment and the cell nuclei were concealed. The granules were less elliptical 
and rather less regular in distribution. This change is basically similar to 
that recorded by Ramalingaswami and others (1955). It was, however, the 
only change we discovered. There was no involvement of the rods and 
cones, of the ganglion cells, of the chorio-capillaris, or of any other cell or 
structure in the deficient retinae; nor did the anterior segments reveal any 
change indicative of xerophthalmia. In this respect the results of the present 
study differ from the others we have quoted. 


Discussion 


We shall assume that the premises, by which we concluded that the three 
deficient monkeys were night blind, are acceptable. The facts have been 
presented in full, and there seems no point in defending the procedures 
adopted. We shall, then, concentrate only on the results, and the most 
important of these are the structural changes in the retina. These changes 
we found to be slight, so slight that there must be doubt in some minds as 
to whether any existed at all. We believe that they did exist because they 
reflected the grosser changes described in similar studies by other workers. 
One should emphasize that in these other studies the liver reserves were not 
directly augmented at the start, and that the deficiency state was more 
rapidly attained and was more severe in degree than in our study; so severe 
were the changes obtained by these other workers that xerosis of the cornea, 
and even keratomalacia with rupture of the cornea, developed in the animals 
before they were killed. 

Tansley (1933) was the first to seek changes of this nature. She utilized 
tats and dogs, the result in each case being essentially similar. Full details 
of the type and course of the deficiency states are unfortunately not given 
in her paper. By far the most definite of the changes she found was an 
absence of the yellow colour from the outer limbs of the rods when stained 
with potassium chloride, indicating an absence of visual purple. This is 
to be expected when the blood values of vitamin A are low. Structural 
changes, she says, were indefinite; they included the loss of the outer seg- 
ments of the rods and cones here and there and the absence of differential 
staining between the inner and outer parts of the receptors not present in 
the control retinae. We did not find this. Tansley makes no mention of 
the pigment epithelium. 

Johnson (1939, 1943), in a comprehensive study on 23-day weanling rats 
in which he used control animals (but not pair-fed), found no structural 
changes in the retinae in acute avitaminosis A, although the rats exhibited 
both xerophthalmia and keratomalacia. When the mothers were given a 
10-day supplement of vitamin A before the weanling 23-day rats were 
placed on a vitamin A-free diet, however, the process of deficiency was 
slowed up; xerophthalmia was less destructive but the retinal changes were 
now gross. The changes included destruction of the rod and cone outer 
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limbs and degeneration of the retinal pigment epithelium; movement of 
pigment granules could not be followed as albino rats apparently were us: d; 
at any rate such changes were not mentioned. There is no essential differei.ce 
between Johnson’s experimental criteria and results and those observed by 
Dowling and Wald (1958) in rats suffering from a similarly severe degree of 
deficiency. 

Ramalingaswami and others (1955) have written up the structural changes 
at great length and have produced some beautiful pictures of the effect of a 
severe deficiency on the monkey eye. The species they used was Macacus 
sinicus, and we understand that these were wild monkeys (not laboratory 
bred), which were kept for several months in the laboratory before being 
used. The chief changes observed by these workers were that the retinal 
pigment epithelium exhibited structural alterations identical with those 
described in the present paper, and that there was also unequivocal evidence 
that the rod and cone cells were severely damaged. The dark-adaption test 
used in these experiments cannot, however, be considered satisfactory, and 
moreover the presence of corneal keratinization (as in the study by Dowling 
and Wald) must cast some doubt on the value of the methods adopted in 
each to ascertain whether the threshold had been altered, for any kind of 
corneal epithelial or stromal change would undoubtedly raise the threshold 
value. There is something equally unsatisfactory in the argument that 
because there was destruction of the rods and cones the animals must have 
suffered from hemeralopia. In the studies of Wald and his various col- 
laborators, where human subjects were used, the threshold estimations 
revealing a rise were completely reliable; but the retinal picture naturally 
remained unknown. As explained in the Introduction, this is the lesion we 
hoped to investigate in monkeys. 

We believe the evidence in the present study is very strong that our 
monkeys were no longer able to see in the low illumination which existed in 
the tunnel and that this must have been due to retinal dysfunction, because 
the optical media were clear. If that is so, it would seem that we reproduced 
in the Macacus rhesus study the exact circumstances surrounding the human 
experiments carried out by Wald and others (1938, 1942) and by Hume and 
Krebs (1949). Our results show that the structural changes underlying a 
hemeralopia of this type are essentially located in the retinal pigment 
epithelium. That is not to say, however, that there are no chemical, in- 
volving functional, changes in the rods and cones; with blood levels so low 
they probably co-exist. Such changes, as well as those affecting the pigment 
epithelium, are likely to be readily reversible when vitamin A is once again 
made available. Dowling and Wald (1958) suggested that, in prolonged 
deficiency of vitamin A, opsin became unstable and that this was an essential 
stage in the development of the severe damage to rods and cones which they 
described. ‘‘When this stage is reached”, they write, “restoration of the 
normal threshold may prove impossible or long delayed.” We cannot 
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believe that this occurs apart from xerophthalmia. Damage of this nature 
is never likely to be made good, and where recovery of normal structure does 
not occur the damage would almost certainly be visible to the clinician, for 
these lesions are likely to result in pigmentary disturbance, gliosis, and infiltra- 
tion; yet this has never been reported. Mention might be made in this 
connexion, however, of the suggestion put forward by Roger (1958) that the 
posterior degenerative lesion of onchocerciasis (where there is gross degenera- 
tion of this type in a limited posterior area) may be caused in part by avita- 
minosis A, inasmuch as some degree of recovery of function is obtained 
with massive vitamin A therapy in early cases, especially the recovery of 
night vision, which is always affected. Roger emphasizes the fact, neverthe- 
less, that the visible degenerative lesion was not found in those who suffered 
from avitaminosis A alone, but only in cases in which avitaminosis A was 
combined with onchocerciasis. He pointed out that the latter disease must 
surely be involved in some way. He exercised great caution in his account 
of what he believed the pathogenesis to be, but it is important to note that 
the ophthalmoscopic changes described first involved the retinal pigment 
epithelium at the posterior pole. In the light of the experimental evidence 
discussed here, this may be highly significant; however, it has yet to be shown 
that the great destruction of rods and cones typical of the advanced posterior 
degenerative lesion of onchocerciasis could occur as a result of avitaminosis 
A alone in the absence of some residual damage to the cornea, of which there 
is no sign. 

The common factor in all these studies of the effect on the retina of 
avitaminosis A is that there is an anomaly of the retinal pigment epithelium. 
When the cornea is not involved, as shown here, this change is not one of 
localized dispersal or aggregation of pigment granules, but rather of their 
re-orientation within the epithelium. For that reason the absence of 
ophthalmoscopic evidence of structural changes in a simple uncomplicated 
hemeralopia is not surprising. On the other hand, because less light can 
reach and illuminate the choroid in such circumstances, the fundi would tend 
to be darker. It might well be that a close and detailed study would reveal 
a relationship between very dark fundi and vitamin A deficiency. 


Summary 


(1) Three monkeys (Macacus rhesus), placed on a vitamin A deficient diet 
after an initial supplement of the vitamin had been given to bolster the liver 
reserves, were shown to be night blind by means of a dark adaptometer 
especially designed for the purpose. The corneae were not involved. 


(2) The fluorescent microscope revealed an absence of vitamin A from 
the liver and the blood levels were practically zero. 
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(3) All three showed a re-orientation of the pigment in the retinal pigment 
epithelium, the pigment granules withdrawing into the cell bodies aad 
concealing the nuclei. 


The authors are grateful to Dr. F. H. C. Marriott for guidance in making the statistical analyses. 
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UVEITIS AND UROGENITAL DISEASE IN THE MALE* 


BY 


R. D. CATTERALLf anp E. S. PERKINS 
Institute of Ophthalmology, University of London 


In the majority of patients with uveitis medical examination and routine 
investigations fail to elicit any notable systemic disease. Acute anterior 
uveitis—the most common clinical type of uveitis—frequently occurs in 
young, apparently healthy, adults with little evidence of any systemic dis- 
turbance. It is difficult to believe, however, that such a serious disease of 
the eye can be an isolated phenomenon unconnected with any other disease 
process in the body. 

The urogenital system is not usually investigated in detail as part of a 
normal medical examination, but as it has been shown by Mason, Murray, 
Oates, and Young (1958) that chronic prostatitis is often associated with 
ankylosing spondylitis and Reiter’s disease—two conditions in which uveal 
complications are known to occur—a series of patients with uveitis was 
investigated by one of us (R. D. C.) in conjunction with the Department of 
Venereology of The London Hospital. Preliminary reports and reviews of 
the relevant literature have been published previously (Catterall, 1958a, b). 


Material and Methods 


A consecutive series of male patients attending the Uveitis Clinic of the Institute 
of Ophthalmology was investigated regardless of the ophthalmological diagnosis. 
A detailed clinical history was taken and a thorough physical examination per- 
formed. Prostatic fluid was obtained by prostatic massage and five unstained 
specimens examined immediately. Stained smears were also examined and culture 
plates inoculated from the prostatic fluid and from the centrifuged deposits of 
urine. The prostatic fluid was considered to be abnormal if clumps of pus were 
found in the specimens or if more than ten leucocytes were present in several 1/12” 
microscopic fields. X rays of the chest, sacro-iliac joints, hands, feet, and ankles 
were taken in each case. 

The incidence of chronic prostatitis in normal men has not been investigated in 
any large numbers, but of 36 men of a similar age group to those with uveitis, 
who were in-patients in the general surgical wards of The London Hospital, six 
(16-7 per cent.) were found to have chronic prostatitis. Moreover, some of the 
patients examined at the Uveitis Clinic did not in fact have uveitis, and provide a 
useful control series. 


Results 


Of the 226 cases examined and fully investigated, four cases were of non- 
inflammatory lesions such as degenerative choroidal disease and none of 
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these had prostatitis. Eleven were diagnosed as cases of Eales’s disease and 
only one of these had chronic prostatitis (9 per cent.). 211 cases of uve:tis 
remained and of these 145 (68-7 per cent.) were found to have chronic 
prostatitis (Table I). 
TABLE I 
INCIDENCE OF PROSTATITIS IN WHOLE SERIES OF 226 CASES 





Cases with Prostatitis 
Diagnosis Total Cases 





No. Per cent. Fs 





Non-uveitis 4 0 0 
Eales’s Disease 11 9 


1 
Uveitis 211 145 68-7 














Table II shows the diagnostic categories of the 211 cases of uveitis, and it 
can be seen that acute uveitis accounts for more than half the total cases, 
It is the largest and most important group and the one in which the aetiology 
is particularly controversial. 

TABLE II 
DIAGNOSTIC CATEGORIES OF UVEITIS CASES 





: Acute Chronic 
Uveitis Diagnosis 





No. Per cent. No. Per cent. 





Anterior 133 63-0 19 
Posterior 25 11-8 5 
Generalized 20 9°5 9 

















The incidence of chronic prostatitis in all cases of anterior uveitis is shown 
in Table III, and in the acute cases reaches an incidence of over 80 per cent. 
With such a large number of cases it is most unlikely that this can be a 
chance result. The difference in the incidence of prostatitis between the 
acute and chronic anterior cases is in fact statistically highly significant 
(x2=11-27;0-01>P). Additional evidence that this is not a chance associa- 
tion is provided by the fact that a high proportion of the acute anterior cases 


TABLE Ill 
INCIDENCE OF PROSTATITIS IN CASES OF ANTERIOR UVEITIS 





Prostatitis 





Anterior Uveitis No Evidence 





No. Per cent. 





Acute 26 19-5 
Chronic 11 58-0 

















(x2 = 11-27; 0-01 > P). 
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with prostatitis showed joint changes typical of Reiter’s disease or ankylosing 
spondylitis, and smaller numbers had plantar fasciitis and atypical sacro- 
iliitis (Table IV). 
TABLE IV 
CASES OF ACUTE ANTERIOR UVEITIS WITH PROSTATITIS 





Prostatitis 








Alone 

With plantar fasciitis 

With atypical sacro-iliitis 
With Reiter’s syndrome 
With ankylosing spondylitis 


Total 107 














Thus 38 (28-6 per cent.) out of 133 cases of acute anterior uveitis had 
Reiter’s disease, while 25 (18-8 per cent.) had ankylosing spondylitis. 

Of the eight cases of chronic anterior uveitis with prostatitis, two had 
Reiter’s disease and one atypical sacro-iliitis (Table V). This group included 
twelve patients with heterochromic cyclitis; only three (25 per cent.) had 
chronic prostatitis and none showed any joint changes. 


TABLE V 
CASES OF CHRONIC ANTERIOR UVEITIS. WITH PROSTATITIS 





Uveitis 
Prostatitis 





Per cent. 


Alone 62:5 
With atypical sacro-iliitis 12-5 
With Reiter’s syndrome 25:0 
With ankylosing spondylitis 0-0 








Total 











The patients with posterior uveitis showed a much lower incidence of 
prostatitis than those with anterior uveitis (Table VI). 


TABLE VI 
INCIDENCE OF PROSTATITIS IN CASES OF POSTERIOR UVEITIS 





Prostatitis 





Posterior Uveitis No Evidence 





No. Per cent. 


16 64 
1 20 
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The majority of the cases of acute posterior uveitis were considered tc be 
due to toxoplasmosis, but the chronic cases were not typical of this dise:.se. 
The cases of acute anterior and posterior uveitis are compared in Table \’II, 
and there is a significant difference in the incidence of prostatitis between the 
two groups. None of those with acute posterior uveitis had Reiter’s disease 
or ankylosing spondylitis, but one had prostatitis and atypical sacro-iliitis, 
One case of Reiter’s disease occurred in association with a chronic posterior 
uveitis. 


TABLE VII 


COMPARISON OF INCIDENCE OF CHRONIC PROSTATITIS IN CASES OF ACUTE 
ANTERIOR AND POSTERIOR UVEITIS 





Prostatitis 





Acute Uveitis No Evidence Present 





No. | Per cent. ; Per cent. 


Anterior 19-5 80-5 
Posterior | 64-0 36-0 











or 8-75; 0-01 > P). 


The high incidence of prostatitis and joint involvement in anterior uveitis 
is significant and differs markedly from that in posterior uveitis, in which 
toxoplasmosis appears to be the chief cause. 

The cases which we have classified as generalized uveitis comprise patients 
in whom a marked anterior uveitis was found in conjunction with evidence 
of choroidal involvement. In many cases the lesions in the posterior 
segment were probably secondary to the iridocyclitis and certainly the 
incidence of prostatitis was higher in this group than in the cases of focal 
choroiditis (Table VIII). 


TABLE VIII 
INCIDENCE OF PROSTATITIS IN CASES OF GENERALIZED UVEITIS 





| Prostatitis 





Generalized Uveitis No Evidence | 





No. | Per cent. | 3 Per cent. 


Acute | 9 | 45-0 55-0 
Chronic | 3 Be 66-6 








| 





Comparison with anterior and posterior uveitis shows that the general- 
ized group occupies a middle position with regard to the incidence of 
prostatitis (Table IX, opposite). 
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TABLE IX 
INCIDENCE OF PROSTATITIS IN CASES OF UVEITIS 





Cases with Prostatitis 
Uveitis Total Cases 





No. Per cent. 








Anterior 152 15:6 
Posterior 30 13 43:3 
Generalized 29 17 58°6 











There were four cases of Reiter’s disease and one case of, ankylosing 
spondylitis in the generalized uveitis group. The incidence of Reiter’s 
disease and ankylosing spondylitis in the whole series is shown in Table X. 


TABLE X 
INCIDENCE OF REITER’S SYNDROME AND ANKYLOSING SPONDYLITIS 





Reiter’s Syndrome | Ankylosing Spondylitis 


Diagnosis | Total 








No. y " Per cent. 





Anterior Uveitis 152 | ; 16:4 
Posterior Uveitis 30 . 0-0 
Generalized Uveitis | 29 : 3-4 
Eales’s Disease and Other | 

Non-uveitis Cases | 15 | 0-0 








It may help to clarify the overall picture to consider that uveal inflammation, 
chronic prostatitis, and joint changes, including Reiter’s disease, ankylosing 
spondylitis, and sacro-iliitis, constitute a triple syndrome. Uveitis may 
occur alone, in combination with prostatitis, or with prostatitis and joint 
changes (Table XI). 

TABLE XI 


INCIDENCE OF UVEITIS ALONE AND COMBINED WITH CHRONIC PROSTATITIS 
AND CHANGES IN THE JOINTS 





Diagnosis Uveitis Alone Uveitis + Prostatitis | Uveitis + Prostatitis 
+ Joint Changes 





Anterior Uveitis 37 43 72 
Posterior Uveitis 17 10 3 
Generalized Uveitis 12 10 7 
Eales’s Disease and Other 

Non-uveitis Cases 15 1 0 














It is clear from these figures that it is in the cases of anterior uveitis that 
this triad is most frequently found, and the figures suggest that in a 
large proportion of these cases there is a common aetiology. In particular 
the results support the view that the uveitis is part of a systemic disease and 

8 
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not a purely local ocular condition. Further support for this contention. is 
provided by the erythrocyte sedimentation rates, the cases of anterior uveitis 
showing the highest incidence of a raised erythrocyte sedimentation r.te 


(Table XII). 
TABLE XII 
PERCENTAGE INCIDENCE OF RAISED ERYTHROCYTE SEDIMENTATION RATE 





Prostatitis 





Uveitis i +Reiter’s Disease _ 
No Evidence Alone or Ankylosing 


© Spondylitis 





Acute Anterior 23:1 29-6 52-4 
All Other Cases 17-5 10-0 11-1 








Bacteriological examination of the prostatic fluid from these cases has 
shown no particular organism to be predominant. Streptococci, staphylo- 
cocci, and diphtheroids were grown in most cases and E. coli in a few, but 
these organisms are usually regarded as contaminants of the male urogenital 
tract. Pleuropneumonia-like organisms have recently been suggested as 
the aetiological agent in cases of uveitis, but careful search for these organisms 
in the prostatic fluid and centrifuged deposit from urine gave positive results 
in only approximately 10 per cent. of patients. This incidence is higher 
than that found by Klieneberger-Nobel (1959) in a group of male patients 


attending the general medical out-patients’ of The London Hospital, but 
lower than that found in patients attending a V.D. clinic. A complement- 
fixation test for pleuropneumonia-like organisms was positive in approxi- 
mately 20 per cent., but no correlation could be found between the occurrence 
of a positive test and any of the categories of arthritis or fasciitis, or any of 


the types of uveitis. 


Discussion 

It must be emphasized that the results of this work should not be inter- 
preted as meaning that acute anterior uveitis is necessarily caused by chronic 
prostatitis. It has only been shown that there is a strong association between 
the two conditions, and in the present state of knowledge care must be taken 
to avoid the temptation to ascribe causal relationships to such an association. 
Instead, factors in common between the uveal tract, the prostate, and the 
joints involved in Reiter’s disease and ankylosing spondylitis should be 
sought, as it may be that these three tissues share a common pathological 
process rather than that disease in one causes disease in the others. 

All the evidence suggests that acute non-specific urethritis is an infection 
of venereal origin which may initiate classical acute Reiter’s disease; spread 
of this infection via connecting lymphatics has been suggested to account 
for subsequent disease of the sacro-iliac joints. The causal organism is 
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unknown, but if this were a virus, its spread could be responsible for the 
changes in the uveal tract. It is possible, however, that the initial acute 
infection is the trigger mechanism for secondary changes in the prostate and 
joints which are self-perpetuating. 


It should be remembered that the uveal tract, the joints, and the prostate 
have a common embryological origin from the mesoderm. The retina is 
developed from neural ectoderm, but the uvea—apart from the neural 
epithelium of the iris—is mesodermal in origin. So are the skeletal elements 
of the body and part of the prostate gland, and it is possible that mesodermal 
tissues in general may be susceptible to different types of pathological 
process from those affecting ectodermal and endodermal tissues. 


The auto-immune reaction as a cause of disease is an attractive hypothesis 
and provides a possible explanation in many diseases of obscure aetiology. 
For example, in our present problem of the association between uveitis, 
prostatitis, and joint disease, it can be postulated that the tissues concerned 
all have a common antigenic component. Following an acute infective 
episode—acute non-specific or even gonococcal urethritis and prostatitis— 
this antigen in the prostate stimulates the formation of antibodies. These 
antibodies will react with the antigen wherever it is found, i.e. in the joints 
and the uveal tract. 


However attractive such an hypothesis is, it remains idle speculation until 
we have some solid facts to support it. Perhaps it will nevertheless provide 
a starting point for some useful investigations. 


One important aspect of this work from the ophthalmological point of 
view is that it deals only with males, Acute anterior uveitis is not confined 
to males, although it is in fact more common in males than in females. The 
sex incidence is approximately equal in posterior uveitis and in the chronic 
types of anterior and generalized uveitis, but there is a definite preponderance 
of male cases of acute anterior uveitis (Table XIII), so that it is fair to say 
that the problem is more important in males. It may be significant that this 
sex incidence is paralleled by the sex incidence of ankylosing spondylitis 
and Reiter’s disease. Oates (1959) suggests that only 20 per cent. of anky- 
losing spondylitis and 10 per cent. of Reiter’s disease occurs in women. At 


TABLE XIII 
SEX INCIDENCE OF ACUTE ANTERIOR UVEITIS 





Acute Anterior Uveitis 
Total Cases | 





No. Per cent. 





243 60 
181 42 
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the moment we have no information concerning the relationship between 
uveitis, chronic genital infection, and joint changes in women, but a series 


of cases is under investigation. 


Summary and Conclusions 


This investigation has shown that a high proportion of male patients with 
acute anterior uveitis have chronic urogenital infection, and that many of 
them show changes in the sacro-iliac joints, spine, and lower limbs typical 
of ankylosing spondylitis or Reiter’s disease. No causal relationship between 
the chronic prostatic infection and the uveitis has been established, and in 
most cases the organism responsible for the chronic genital infection is 
unknown. It is clear however that acute anterior uveitis in the male cannot 
be considered as an isolated disease entity but is closely linked with disorders 
of other mesodermal constituents of the body. 


This investigation was undertaken whilst one of us (R.D.C.) was working under the aegis 
of the Medical Research Council Working Party on Non-Specific Urethritis with the aid of a 
grant from the U.S. Department of Public Health. 
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END-TO-SIDE ANASTOMOSIS FOR OBSTRUCTION 
OF THE NASO-LACRIMAL DUCT* 


BY 


R. A. BURN 
The Royal Eye Hospital, London 


In all the operations commonly performed for obstruction of the naso- 
lacrimal duct, the side of the sac, and not the end, is used for the anastomosis 
(Fig. 1). The medial wall of the sac is incised vertically over the greater part 
of its extent to provide the anterior and posterior flaps. This radically alters 
the anatomy and destroys any chance of pumping action by the orbicularis. 
The upper end of the sac, in which lie the opening of the common canaliculus 
and the mucous folds which guard it, is laid open and left in close proximity 
to the raw upper edge of the bony opening. Gaps are left above and below 
the anastomosis unlined by mucous membrane, extensive removal of bone is 
necessary in the course of which ethmoid cells may be entered, and the 
anterior and posterior suture lines are liable to adhere—all features which 
favour obstruction of the anastomosis by granulation and fibrous tissue. 
These operations are mostly modifications of the flap technique introduced 
by Dupuy-Dutemps and Bourguet (1921); they work well on the whole, but 
failures still occur in some 5 to 10 per cent. of cases and imperfect results in 
a larger number, which must be attributed, at least in part, to the defects 
of the method. 

The end of the naso-lacrimal duct normally opens into the side of the nose 
(Fig. 2). It therefore seems logical, when the duct is obstructed, to excise 
the obstruction (Fig. 3) and to join the proximal cut end once more to the 
side of the nose making an accurate anastomosis with a circular hole in the 
mucosa (Fig. 4). In this way the only change produced is that the duct 
opens into the nose somewhat higher than before. The anatomy of the 
upper part of the sac is unaffected, there are no gaps unlined by mucous 
membrane, the bony hole is small, leaving the ethmoidal cells untouched, 
and the suture lines cannot adhere because the opening is circular. Such a 


procedure may be called end-to-side anastomosis. 





* Received for publication January 19, 1960. 
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Fic. 2.—Left lacrimal passages and nose. 


FIG. 1.—Side-to-side anastomosis. i 
Coronal section. 
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Fic. 3.—Common site of obstruction. Fic. 4.—End-to-side anastomosis. 


Technique 
The method was worked out on the cadaver and has been applied with success 
to living subjects. 


Approach to the Fossa.—The preliminary steps are much the same as those com- 
monly used in the Dupuy-Dutemps operation. The incision is placed a little 
lower than usual so as to expose mainly the lower part of the fossa and upper end 
of the duct. The periosteum is incised just in front of the anterior lacrimal crest, 
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and the periosteal sheet is swept laterally taking the sac with it and exposing the 
fossa up to the posterior crest (Fig. 5). 


Fic. 5,—Approach to 
lacrimal fossa. 


Exposure and Section of the Duct.—It is at this point that the dissection begins 
to differ from that used in standard operations. 

The lower part of the sac and upper part of the nasolacrimal duct are exposed 
by removing the anterior wall of the bony canal with the sphenoidal punch (Fig. 6). 
The sac and duct are freed from the bone all round, the duct is cut transversely 
with scissors as low down as possible, and both sac and duct are mobilized so that 


the cut end can be turned up (Fig. 7). 


Fic. 6.—Exposure of naso-lacrimal duct. Fic. 7.—Cut end of duct. 


The cut end is now trimmed so as to leave a free opening into the lower end of 
the sac some 5 mm. in diameter, conserving as much of the sac as possible and 
adjusting the plane of section so as to facilitate the anastomosis (Fig. 3). 

This step in the operation is influenced by the position of the obstruction. In 
the majority of cases this lies at the junction of sac and duct, so that the narrow 
collapsed duct and fibrous “hour-glass” stricture are easily seen when the anterior 
wall of the bony canal is removed. The duct is cut below the stricture and its 
position and nature can be verified by trying to pass a probe into the sac from 
below and by syringing through the canaliculi, when the sac will be distended but 
little or no fluid will emerge from the cut end. This stricture must be excised 
sufficiently widely to leave a free opening, while at the same time conserving 
enough of the sac to complete the anastomosis by the end-to-side method. In 
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some cases, however, the obstruction is situated lower down and then the duct is 
seen to be dilated, filling the bony canal, and little different in width from the sac, 
A probe passes easily through the cut end into the sac and fluid emerges freely 
from it on syringing. In these cases no excision is needed and a greater length 
of sac and duct is available for the anastomosis. 


Patency of the Upper Lacrimal Passages.—Syringing with the cannula just within 
the canaliculus should produce a free flow of fluid from the cut end of the sac. If 
it does not do so, an obstruction must be present in the upper end of the sac or 
in the sinus of Maier and conversion to the side-to-side operation is necessary. 


Bony Opening.—It will now be possible to estimate where the cut end of the sac 
can most conveniently be joined to the nose. At this point, which usually lies 
somewhat below and just behind the middle of the anterior lacrimal crest, a 
circular hole in the bone is made with the Arruga hand trephine, revealing the 
nasal mucosa (Fig. 8). The opening is placed so low down and so far forward 
that ethmoid cells are not encountered. It does not usually need enlarging, though 
a trifle more bone may be removed with the sphenoidal punch if this is thought to 
be necessary. Provided that the mucosa is not pressed against the bone by nasal 
packs, it should rarely, if ever, be injured. 


Fic. 8.—Bony opening. Fic. 9.—Mucosal opening. 


Mucosal Opening (Fig. 9).—A circular hole is punched in the centre of the circle 
of nasal mucosa using a 5-mm. corneal graft trephine with a spatula in the nose 
as backing. It may be necessary to complete the removal of the centre piece with 
curved spring scissors. The anterior end of the middle turbinate may be seen in 
the opening but does not interfere with drainage. 


Completing the Anastomosis.—The cut end of the sac is now sewn to the circular 
hole in the nasal mucosa with four or more sutures, using Kalt’s silk on a 5-mm. 
Barraquer needle and placing the posterior suture first. A fine rubber catheter 
may be passed from the nose into the sac to act as a conformer where it will 
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remain by virtue of its own elasticity if the free end is strapped to the face (Fig. 10). 
This precaution was, however, omitted in two cases without affecting the result. The 
completed anastomosis is shown in Fig. 11. 


Fic. 10.—Catheter passing through Fic. 11.—Completed anastomosis. 
nostril and hole in nasal mucosa 
into sac. 


Closing the Wound.—The deeper layers are drawn together by two buried catgut 
sutures so as to replace the orbicularis and periosteum as nearly as possible in 
their original position. The skin is closed by a single continuous subcuticular 
stitch. 


Post-operative Management.—This does not differ from that followed in standard 
operations. The patient is instructed not to blow his nose for at least a week. 
When a tube is used it is allowed to stay in for a week or until it falls out acci- 
dentally. Systemic penicillin is administered prophylactically for 3 days after the 
operation. No other precautions are necessary and the patient should be up and 
about as soon as the basal sedation has worn off. 


Results 


The method has been used in twelve cases of obstructed naso-lacrimal 
duct, in eleven of which it has been successful. Nine of the patients operated 
on had a simple mucocoele of the lacrimal sac and three were cases of 
subsiding acute or sub-acute dacryocystitis. The results are summarized 
in the Table (overleaf), and the details of the successful cases are described 
below. 


Syringing.—Fluid passed freely to the nose on syringing in all cases at some 
stage after the operation. As soon as it was evident that the anastomosis 
was draining and the fluorescein test was positive no further syringings were 
done. 


Fluorescein Tests.—Ten cases were tested by putting 2 drops of fluorescein 
into the conjunctival sac. The test was regarded as positive when the fluid 
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TABLE 
RESULTS IN TWELVE CASES 





Epiphora 





Pre-operative 


Condition Follow-up | Subjective | Objective F luorescein Syringing | Remarks 


to Last Visit Test 
(mths) 
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Dacryocystitis 
Dacryocystitis 
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was seen to have drained away, after a few minutes, and the patient’s hand- 
kerchief showed a yellow stain on blowing the nose. Nine of these patients 
gave a positive result. In the tenth case the fluid drained away but no 
staining of the handkerchief could be demonstrated although the patient 
was symptom-free and the anastomosis was freely patent on syringing. The 
case which was not tested in this way was quite symptom-free and the 
anastomosis also was patent on syringing. 


Epiphora.—Both subjective and objective epiphora were absent in all cases 
indoors. In no case did any troublesome degree of epiphora occur out- 
of-doors, but three patients, in response to questioning, mentioned slight 
occasional watering in cold winds. In two of these, one of whom had an 
artificial eye on the affected side, the fluorescein test was positive. In the 
third there was a minor degree of ectropion of the punctum, and the anas- 
tomosis was freely patent on gentle syringing although the fluorescein test 
was negative. 


The unsuccessful case was that of a woman aged 52 (Case 9), who had 
suffered repeated attacks of acute dacryocystitis during the preceding year, 
one of which was subsiding at the time of operation. A block developed 
post-operatively at the upper end of the sac, although the anastomosis 
seemed to be patent beyond it and no further acute attacks have occurred 
in a follow-up period of 5 months. It would probably have been wiser in 
this case to have done a side-to-side anastomosis in order to provide the 
freest possible drainage. 


The Table shows that eight of these cases have been observed for 6 months 
or more and four of them for over a year. 
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Discussion 
The theoretical advantages of the end-to-side method have already been 
enumerated, but its value will be judged by results and all that can be said 


about these first few cases is that they justify further trial. 
Certain points require special discussion. 


Selection of Cases.—End-to-side anastomosis is useless unless the upper 
lacrimal passages are freely patent. Naturally every indication on this point 
should be collected beforehand, including those derived from syringing and 
dacryocystography, but the final decision must be taken during the operation. 
If fluid does not flow freely from the cut end of the sac on syringing gently 
with the point of the cannula just within the punctum, then a side-to-side 
anastomosis should be done and the obstruction cleared from inside under 
direct vision. 


Conversion to Side-to-Side Operation.—In a given case two considerations 
may lead the surgeon to abandon the end-to-side method. If there is 
evidence of obstruction in the upper lacrimal passages or if the stricture is 
placed so high that it is not possible to conserve enough of the sac for the 
anastomosis, it will be necessary to change to the side-to-side method. This 
can be done with ease at any time before the nasal mucosa is incised. One 
blade of a pair of blunt-ended scissors is introduced into the sac from below 
through the cut end and the medial wall is opened so as to provide flaps of 
suitable size. This method of entering the sac is, in fact, more satisfactory 
than the usual one of incising it from outside. The sac is opened neatly in 
one movement without risk of damaging the mucosa, and there is no doubt 
whether the lumen has been reached. There is much to be said for employing 
this approach whatever type of anastomosis is planned. 


Anaesthesia.—Bleeding tends to be less in this than in standard operations 
because less bone is removed. Also, because the wound in the nasal mucosa 
is small and well occluded by the anastomosis, there is less tendency for blood 
to go down the throat. General anaesthesia with intubation is unnecessary, 
and indeed contraindicated, because it increases bleeding. Intramuscular 
injection of Largactil, Phenergan, and Pethidine combined with local 
injections and nasal spray have proved even more satisfactory for this than 
for standard operations (Burn and Hopkin, 1955). 


Operative Hazards.—In removing the anterior wall of the bony canal, care 
must be taken to avoid damaging the origin of the inferior oblique muscle 
and the mucoperiosteum of the maxillary antrum. Provided these possi- 
bilities are kept in mind there is little or no danger. 


Historical Note 


After the technique had been worked out and applied with success, search was 
made in the literature for references to similar operations. 
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One account was found of an end-to-side anastomosis of this type (Juge, 195:), 
but no mention is made of numbers or results. 

The principle of using the end instead of the side of the sac to form a fresh 
passage into the nose has been incorporated in a number of transplantation 
operations in which the cut end is drawn into the nose through a hole in the bone 
and mucosa, and held there by a suture emerging from the nostril. Such an 
operation was first performed by Speciale-Cirincione (1913) in two cases, in Italy, 
and more successfully and in larger numbers by Forsmark (1911) in Sweden. Stock 
(1934) in Germany, Burch (1920), Stokes (1938), and Gifford (1944) in America, 
and MacMillan (1932) in Canada, have advocated similar methods. The results 
were not, on the whole, so good as those achieved at the same period by side-to-side 
methods, and this must be attributed mainly to the absence of an accurate anas- 
tomosis so that the implanted end was left to collapse and seal off. 

The logical consequence of Forsmark’s work would have been the development 
of such an anastomosis, but at that time anaesthetic methods, needles, and suture 
materials were not such as to make fine plastic procedures easy. The more rough 
and ready side-to-side techniques introduced by rhinologists like Toti and Moscher 
were achieving good results and the attention of ophthalmic surgeons became 
concentrated upon them until, with the introduction of anterior and posterior 
muco-mucous flaps by Dupuy-Dutemps and Bourguet (1921), the results became 
so good that they have held the field ever since. Nevertheless, now that modern 
instruments and anaesthetic methods have made accurate end-to-side anastomosis 
relatively easy, it is perhaps worth considering whether the standard methods 
cannot be improved upon in this way. 


Summary 


A method of treating obstruction of the nasolacrimal duct by anastomosing 
the cut end of the sac to a circular hole in the nasal mucosa is described. 
Twelve cases have been treated, of which eleven have proved successful. 


I wish to express my gratitude to Miss P. Turnbull, of the Charing Cross Hospital Photographic 
Department, for the photographs, and Miss Thorogood, S.R.N., of the Royal Eye Unit, Lambeth 
Hospital, for her help with the theatre technique. 
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GLAUCOMA TREATED WITH DARANIDE* 
A CLINICAL TRIAL 
BY 


MAURICE H. LUNTZ 
St. Mary’s Hospital (Western Ophthalmic Hospital), London 


THE use of Diamox (2-acetylamino-1,3,4-thiadiazole-5 sulphonamide) in the 
treatment of glaucoma followed the observation of Becker (1954) that the 
oral administration of this carbonic anhydrase inhibitor caused a reduction 
in ocular tension in many glaucomatous and normal eyes. 

Although the drug is known to bea powerful inhibitor of carbonic anhydrase 
and therefore acts as a diuretic, its mode of action in the eye has not been 
fully elucidated. Systemic administration of Diamox has been shown to 
produce an increase in urinary volume and increased excretion of bicarbonate, 
sodium, and potassium (Campbell, Tonks, and Jones, 1956). According to 
Friedenwald (1955) the bicarbonate ion is secreted in the production of 
aqueous so that it has been suggested that the loss of bicarbonate from the 
blood is responsible for the suppression of aqueous secretion. However, 
Langham and Lee (1955, 1957), after studying the distribution of the ionic 
constituent of the aqueous humour after Diamox, concluded that the effect on 
the intra-ocular pressure was not the direct outcome of the inhibitory effect 
of the drug on carbonic anhydrase but was probably due to an alteration in 
the osmotic balance between the blood and aqueous humour, independent 
of its renal action. Duke-Elder, Perkins, and Langham (1956) suggested 
that it was due to a decrease in the base-binding capacity of the blood below 
normal, which in turn resulted in a slower rate of formation of intra-ocular 
fluid. 

Recently a new carbonic anhydrase inhibitor, 1,3-disulfanyl-4,5-dichlor- 
benzine (Daranide or dichlorphenamide, Merck, Sharp and Dohme), has 
been evolved, which is more potent than Diamox and can be used in smaller 
dosage. It was therefore decided to conduct a clinical trial in the Glaucoma 
Clinic of St. Mary’s Hospital, Western Ophthalmic Hospital, London, to 
compare its action and side-effects in the treatment of glaucoma with that of 
Diamox. 


Material and Method 


Fifteen cases were selected presenting 21 eyes in which the ocular hypertension 
was not controlled with miotics alone. There were eight cases of chronic simple 
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glaucoma, three of closed-angle glaucoma, one aphakic, and three thromb tic 


glaucomas. 


Details of the cases 


are given in the Table. 


TABLE 


RESULTS IN FIFTEEN CASES 
All patients on Pilocarpine 1 per cent. three times daily both eyes 





| Side 
Sex |Not Controlled! 
by Miotics 


Diagnosis 


Previous Operations 





Ti 


Right and left 


Chronic simple glaucoma 
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| Right — 
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All the patients were given gutt. Pilocarpine 1 per cent. three times daily in 
both eyes, and they were then given successively a course of Diamox 250 mg. twice 
daily, Daranide 50 mg. twice daily, and ascorbic acid 100 mg. twice daily, the last 
being used as a control. Each drug was taken for one month, so that each trial 
lasted 3 months. Tablets were given to the patient by the sister in the casualty 
department so that only she knew which drug the patient was using. Patients 
were seen twice weekly. On each occasion the ocular tension was taken by the 
author, using the same X-tonometer each time. The patients were also questioned 
about side-effects. 

The 21 eyes not controlled by miotics alone (where the ocular tension was greater 
than 25 mm. Hg Schiétz) were numbered from one to 21. Fig. 1 (opposite) 
shows the average tension with each drug plotted against the particular eye in 


which it was used. 
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(a) Control of Ocular Tension.—The mean ocular tension is plotted against 
each eye tested, for one of the drugs used in treatment, the results for each 


drug being plotted simultaneously (Fig. 1). 
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Fic. 1.—Mean ocular tension for each drug used in treatment, plotted simultaneous! 
; column represents the results for one eye. 


The mean tension (including all the 


The ocular tensions when using ascorbic acid were higher in all cases than 
when using Diamox or Daranide (as indeed might be expected). The two 


latter drugs produced similar results. 


eyes in the series) when Daranide was used was 29-8 mm. Hg Schiétz, and 


when Diamox was used it was 29:1 mm. Hg Schiétz. 


In eyes controlled by miotics and in non-glaucomatous eyes, both Daranide 


and Diamox caused a small fall in the ocular tension. 


(b) Side-Effects.—There were no side-effects when ascorbic acid was being 
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The side-effects noted in patients taking Diamox and Daranide are shcwn 
in Fig. 2. Apart from paraesthesiae, which were a common complzint 
with both drugs, there were very few side-effects when Diamox was used (one 


patient complained of depression, one of loss of appetite, and one of 
indigestion). 
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SIDE-EFFECTS 
Fic. 2.—Incidence of side-effects. There were none at all when ascorbic acid was used. 


With Daranide, however, almost every patient complained of one or more 
side-effects, some of them serious. Thus, in Case 12 (Table), the drug had ; 
to be abandoned, because the patient complained of drowsiness, headache, 
giddiness, and blurring of vision. One patient broke out in a petechial rash 
which disappeared as soon as the drug was stopped—the bleeding time and 
clotting time were normal. Depression was a fairly common complaint, 
which also disappeared as soon as the drug was stopped. The dosage of 
Daranide used was well within the limits suggested by the makers (50 mg. 
once to four times daily). 





GLAUCOMA TREATED WITH DARANIDE 
Conclusions 


\t appears from this trial that Daranide (dichlorphenamide) in a dose of 
40 mg. twice daily is at least as effective as Diamox 250 mg. twice daily in 
controlling ocular hypertension when used by mouth in combination with a 
miotic. However, the side-effects with Daranide are more frequent and 
more severe than with Diamox. There does not appear to be any material 
advantage in the use of Daranide as opposed to Diamox in the treatment of 
established ocular hypertension. 


Summary 


A clinical trial of a new carbonic anhydrase inhibitor, Daranide (dichlor- 
phenamide), is reported and the results are discussed. 


My thanks are due to the surgeons of this hospital for allowing me to use in this trial patients 
under their care, and also to the surgeon-in-charge of the Glaucoma clinic, Mr. Redmond Smith, 
for encouraging me to do this work. I also wish to thank Messrs. Merck, Sharp, and Dohme 
for supplying the Daranide tablets, My thanks are also due to Sister Edwards, the casualty sister, 
for her help. 
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PATHOLOGY AND TREATMENT OF NON-CICATRICIAL 
ENTROPION BY THE METHOD PROPOSED BY WIES* 


BY 
O. O. F. FFOOKS 
Royal Infirmary, Sheffield 


ACCORDING to Kettesy (1948), non-cicatricial or senile entropion is the 
direct result of a migration and accumulation of orbicularis fibres at the lid 
margin. The contraction of the orbicularis which follows causes excessive 
pressure on the upper margin of the eyelid, the mechanics of the lid muscula- 
ture are altered, and entropion results. 

As stated by Kettesy (1948): ““The normal distribution of orbicularis is 
maintained by connective tissue branching off between bundles”’; in senility 
there is a slackening of this palpebral connective tissue, allowing the migra- 
tion of muscle fibres, whereas in the young adult the pretarsal muscle fibres 
are firmly attached to the tarsal plate (Jones, 1960). 

Most authors agree on the importance of senile degenerative processes in 
the eyelid in the aetiology of entropion. These processes include senile 
atrophy of orbital fat with relative enophthalmos, loss of elasticity of skin, 
degenerative flaccidity of the tarsus (Kirby, 1952), relaxation of inferior 
ligaments (Butler, 1948), and slackening of the whole palpebral connective 
tissue (Kettesy, 1948; McFarlane, 1956). 

But, as Kettesy (1948) states, these are preliminary conditions. It is the 
accumulation of orbicularis fibres along the lid margin that causes entropion 
and surgical procedures must be designed to prevent it. 

Non-cicatricial entropion of the upper eyelid is rare, because the insertions 
of the levator palpebrae into the skin form a more permanent anchor for the 
orbicularis. This effect is weakest at the outer margin, and one case of non- 
cicatricial entropion of the outer third of the upper lid is included in this 
series. 

The operation proposed by Wies (1954) is designed to place a barrier in 
front of the tarsal plate and thus to prevent the free movement of the orbi- 
cularis over it; if this movement is accepted as the primary cause of senile 
entropion, the excision of skin and orbicularis, or of wedges of tarsal plate, 
is unnecessary. 

Wies’s operation, as originally described, produces over-correction in a pro- 
portion of cases (Wies, 1954; McFarlane, 1956; Hill and Witzell, 1956); 
Wies incises the whole length of the tarsal plate, but, as the purpose of the 
operation is only to create a vertical barrier to the horizontally-acting muscle 
fibres, a more local incision should be sufficient. With the present technique, 
which is only slightly modified from Wies’s original procedure, immediate 
cure results and over-correction does not occur. 





* Received for publication May 9, 1960, 
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The operation is extremely simple to perform and takes only a few minutes; 
it is performed as a routine primary procedure on all non-cicatricial cases of 
entropion and on all recurrent cases. 


Technique 

A large meibomian cyst clamp is placed over the central area of the lower lid, 
the footplate being placed in the lower fornix and the long axis about 3 mm. 
below the lid margin. 

A horizontal incision is made with a Bard Parker knife (No. 15 blade) 3 to 4 mm. 
below the lid margin, cutting through all structures (skin, muscle, and tarsal plate) 
for the length of the long axis of the clamp. As emphasized by McFarlane (1956), 
the incision should be apparently slightly sloping towards the lid margin, otherwise 
the tarsal plate may not be included in the inferior lip of the wound. The length 
of the incision is about one-third of the length of the tarsal plate. 

With the clamp still in place, two double-armed 12-mm. 3-0 U.S.P. sutures are 
placed through the tarsal plate in the inferior lip of the wound, entering from the 
conjunctival surface. If the tarsal plate is not incised with the first incision, the 
sutures are placed through the conjunctiva. These sutures are inserted through 
the skin of the upper lip of the wound just below the lid margin, care being taken 
to keep them parallel. They are pulled up but not tied, to make sure that the 
lower lip of the tarsal plate rides over the upper portion. 

The skin incision is closed with interrupted 5-0 sutures, the clamp is released, 
and the deep sutures are tied firmly. Rubber strips are unnecessary. 

Very little bleeding occurs, a bandage is not required, and all sutures are removed 
after 5 days. There may be a slight tendency to ectropion, but this disappears 
after the first day or two. 


Results 


35 operations were performed on 31 patients with non-cicatricial entropion 
by the Wies method during the period April, 1958, to September, 1959, and 
these were reviewed in April, 1960. One operation was for non-cicatricial 
entropion of the upper lid (outer third). 

In 25 cases there has been no recurrence after one year or longer, and in 
eight there has been no recurrence for from 6 to 12 months. 

In two cases there was a recurrence, one after one year and the other after 
6 months. The operation was repeated and one patient has remained free 
from recurrence for 6 months and the other for one year. 

The operation was performed as a primary procedure in 26 cases and for 
recurrent entropion in nine cases. 

There were no cases of over-correction. 


Discussion 
Ziegler’s cautery puncture and skin and muscle operations provide only a 
temporary cure in a large percentage of cases, although skin and muscle pro- 
cedures that include deeper structures in the lid sutures are of a more 
permanent nature. 
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The development of fibrous tissue between the tarsal plate and skin pro- 
duces a relief of entropion by preventing the free movement of the orbicu- 
laris. As the fibrous scar recedes, the tendency to entropion increases. 

Transplantation of skin (Lebensohn, 1953) and excision of tarsal wedges 
(Butler, 1948; Fox, 1951) attack part of the degenerative process and not 
the cause of the entropion, unless a weakened tarsus is considered to be the 
primary cause of entropion. 

Wheeler’s operation or one of its modifications has usually been considered 
the most satisfactory treatment for non-cicatricial entropion, but recurrences 
and over-correction are not infrequent (McFarlane, 1956; Hill and Witzell, 
1956). No doubt these results depend partially on technique, but while the 
procedure attempts to re-establish lid pressure on the inferior part of the 
tarsal plate, it probably acts mainly by affecting the movement of the 
orbicularis. As it is not designed primarily for the latter procedure, it 
cannot be wholly successful. 

The Hotz-Wheeler modification suggested by Hill and Witzell (1958) and 
also that of Jones (1960) may be more successful, but they seem to be un- 
necessarily complicated. 


Conclusions 


It is agreed that the cause of senile entropion is the free movement of the 
orbicularis over the tarsal plate which occurs as a consequence of the normal 
senile degenerative processes, the two most important being atrophy of the 
palpebral connective tissue and a weakened tarsal plate. 

The Wies operation, designed to prevent this movement, seems to be simple 
and effective (Wies, 1954, 1955; McFarlane, 1956). 

Over-correction, by the method:used, does not occur. Recurrence, which 
is rare, is probably due to faulty technique. 


Summary 


The pathology of entropion is discussed. A slight modification of the Wies 
operation is described using a smaller incision. The results in 35 cases of 
non-cicatricial entropion are reviewed. 


My thanks are due to Mr. A. B. Nutt, M.Sc., F.R.C.S., for permission to use his cases and for 
his encouragement in preparing this paper. 
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CATARACT EXTRACTION BY EXPRESSION* 


BY 


L. LURIE 
London 


BEFORE the introduction of enzymatic zonulysis by Joaquin Barraquer 
(1958), the normal procedure of senile lens extraction was either by intra- 
or extra-capsular extraction, or, more recently, by the use of the erisophake. 
This latter operation can be done with much greater facility by the use of 
the enzyme, as has been demonstrated by Barraquer (1958), Cogan (1958), 
and Cogan, Symons, and Gibbs (1959). The author has found that, with 
the use of this enzyme, the lens can be expressed intra-capsularly, in the great 
majority of cases, by a simple manoeuvre, to be described later. The advan- 
tages are simplicity of surgery and the absence both of the striate keratitis 
which appears to be a complication of erisophake extraction and of the 
tumbling technique of forceps extraction. 


Procedure 


Since September, 1958, 190 eyes have been operated upon by the method 
to be described. Patients are admitted 48 hours before operation and 
routine investigations are carried out including conjunctival swabs. On the 
night preceding the operation, Seconal, or some other hypnotic is given, 
the patients’ lashes are cut, and 500,000 units penicillin are instilled into the 
conjunctival sac three times daily. The patient is told to wash the face 
three times daily. If the eyebrows are thick, these also are clipped. 

The majority of patients are operated upon under general anaesthesia. 
If the operation is performed under local anaesthesia, the patient is given 
100 mg. Pethidine and 50 mg. Largactil intramuscularly half an hour 
pre-operatively. 

Immediately before the operation, 1 drop Adrenaline, 1 in 200, is instilled 
into the conjunctival sac. The lids are retracted by means of sutures 
through the upper and lower lid margins. The upper lid is elevated with a 
speculum, the superior rectus muscle is seized with Dastoor’s forceps, and 
a suture is passed beneath the muscle. This and the lid sutures are clamped. 
A hooded conjunctival flap is fashioned hugging the limbus and involving 
three-fifths of the circumference of the globe in its upper part. This is 
mobilized as far backwards as possible. The eye is now opened with a kera- 
tome at the limbus and the section is enlarged with corneal scissors to the extent 
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of half the diameter of the cornea (Fig. 1). Two buttonhole iridectories 
are performed at 11 and 1 o’clock. A suture of Barraquer’s silk wita a 
large knot at the end is now passed through the margins of the cornea and 
the sclera at 12 o’clock. This has previously been single-knotted to the 
needle to prevent slipping. Using a spatula, the suture is then pulled ina 
loop away from the section to prevent entanglement with the lens when this 
is removed. The contents of one ampoule of «-chymotrypsin are injecied, 
using a lacrimal needle, beneath the iris at 6 o’clock (Fig. 2), and through 
each iridectomy (Fig. 3), so that all parts of the periphery of the anterior 
chamber have been thoroughly flooded with solution. After 3 minutes, the 
«-chymotrypsin solution is gently irrigated from the anterior chamber with 
normal saline solution. The lens is now lying virtually free, the suspensory 
ligament having been digested by the «-chymotrypsin. As the enzyme 
acts, the lens becomes more spherical and the changing curvature is readily 
appreciated. The iris is seized with forceps at 12 o’clock near the pupillary 
border and is prolapsed from the eye, leaving a gap for the expulsion of the 
lens (Fig. 4). Gentle pressure is applied with a lens expressor, or the point of 
a tenotomy hook, below the limbus and in an arc over the lower third of the 
globe. The lens begins to tilt and is guided out of the eye by a following 
pressure of the expressor (Fig. 5.) As it leaves the eye, the action is like that of 
a cork ina bottle, thus preventing the escape of vitreous. The corneo-scleral 
section is drawn tight and the iris reposited with a spatula. The wound is 
now closed with seven sutures of Barraquer’s silk. With a fine cannula a 
bubble of air is blown into the anterior chamber, care being taken not to 
introduce too much air into the eye to guard against the risk of air glaucoma. 
The vitreous and iris are pushed back by the bubble to their normal relative 
positions (Fig. 6). The cornea is then firmly pressed upon to ensure that the 
section is air-tight; should bubbles escape, further sutures areintroduced. The 
superior rectus suture is removed. The conjunctival flap is brought over the 
cornea and sutured to the lower part of the incised conjunctiva at each side 
with a single suture of Barraquer’s silk so that the upper third to one-half 
of the cornea is covered. A drop of penicillin 500,000 units is instilled into 
the lower fornix and also-a drop of 0-5 per cent. physostigmine. The lids 
are closed by strapping the upper lid suture to the cheek and the eye is then 
dressed with tulle gras, a pad of Gamgee with a perforation in the centre, and 
a cartella shield. These are secured in position by strips of Sellotape, and 
finally the eye is bound with a crepe bandage. The unoperated eye is not 
covered. 

On the day after the operation, the eye is dressed. The lid suture is 
removed, the lid margins are gently swabbed with warm normal saline 
solution, and a drop of penicillin 500,000 units is instilled into the lower 
fornix. The patient is then allowed up with dark glasses, but is warned to 
avoid stooping or straining. Penicillin drops are used three times a day for 
3 days and are then followed by Neocortef twice a day. When bilateral 
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Fic. 1.—Conjunctival flap reflected, keratome 
section started. 


Fic. 3.—c«-chymotrypsin being injected 
through the iridectomies. 


Fic. 5.—Lens being guided from the eye with 
the expressor. 








Fic. 2.—a-chymotrypsin being injected below 
the iris at 6 o’clock. 


Fic. 4.—Iris prolapsed. 


Fic. 6.—Eye closed with air bubble in situ. 
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extraction has been performed, the patient is given a pair of Crooks 3.1 
glasses, +10 D sph. right and left. To avoid trauma when the patier:t is 
asleep, the operated eye is protected with a perforated pad of Gamge:, a 
cartella shield, and crepe bandage, as previously mentioned. 

The normal post-operative stay in hospital is 10 days, except in cases of 
bilateral extraction where the duration is about a week longer. The air 
bubble gradually absorbs and has usually entirely disappeared within a week. 
The conjunctival flap normally retracts to its original position within a 
week to 10 days. The sutures of virgin silk cause little or no discomfort as 
they are covered by the conjunctival flap. Most of them seem to cut out 
and disappear, but occasionally it is necessary to remove them 3 or 4 weeks 
after the operation. This is best performed by first staining with fluorescein, 
as otherwise they are practically invisible. 

Patients who have undergone uniocular extraction leave hospital with 
dark glasses or wearing their own spectacles with an occluder before the 
operated eye. They are also provided with a cartella shield and are in- 
structed to protect the operated eye with the shield at night for a total of 
6 weeks after the operation. If desirable, the first aphakic correction is 
prescribed 6 weeks post-operatively, after which the patient can resume. 
normal life. 


Results 


In this series, the total number of eyes operated upon was 190, and 23 
bilateral extractions were performed. 

Three early cases developed prolapse of the iris; this was considered to be 
due to an insufficient number of corneo-scleral sutures. In the early series 
of cases, only five such sutures were used; since the introduction of seven 
sutures no further cases of iris prolapse have occurred, despite occasional 
persistent vomiting and coughing. 


Complications.—x-chymotrypsin failed to act on two occasions. In 
one of these cases the lens was extracted with intra-capsular forceps, no 
vitreous was lost, and full visual acuity was obtained. In the other case (a 
moderate myope), vitreous presented with considerable loss; a scoop extrac- 
tion was performed and an ultimate visual acuity of 6/12 was obtained. 

Rupture of the capsule occurred in fourteen cases, and in six of these this 
membrane was removed intact with forceps. Six cases required post- 
operative needling. 

Slight vitreous loss occurred in three cases, and severe loss in one; in this 
case the iris became drawn up and the pupil occluded. 

Striate keratitis occurred in one case. This patient was operated upon 
over a year ago and the keratitis is not now likely to resolve further. The 
visual acuity is 6/18 with an aphakic correction. 

Epithelialization of the anterior chamber occurred in two cases. 
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Patients are normally refracted 3 weeks post-operatively and the visual 
acuity is usually found to be between 6/9 and 6/5 at this early stage. If 
no pathological ocular condition, such as diabetic retinopathy or senile 
macular degeneration, was present, full visual acuity was invariably obtained 
and has not since deteriorated. 

In this series of cases, a-chymotrypsin does not appear to have had 
any harmful effect upon the eye. In only one case did persistent striate 
keratitis develop, but whether this was due to the enzyme or to some other 
cause is uncertain. 


I should like to express my gratitude to Mr. W. M. van Essen, Dr. D. Boomla, Dr. E. Gold- 
smith, and Sister Moriarty of St. Nicholas Hospital, S.E.18, and to Mr. J. Ware of Messrs. S. 
Maw Son & Sons Ltd. 
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ADDENDUM 


Since this article was submitted for publication, a further 126 eyes have been — 
operated upon, fifteen patients having had bilateral extractions. 
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DACRYOCYSTORHINOSTOMY* 
BY 


R. P. SARDA, O. P. KULSHRESTHA, AnD R. N. MATHUR 
Department of Ophthalmology, S.M.S. Medical College, Jaipur, India 


Ever since Toti (1904) recommended dacryocystorhinostomy, its application 
has been widespread and a number of technical modifications have become 
available. However, accurate suturing of anterior and posterior flaps gives 
better results (Dupuy-Dutemps and Bourguet, 1920). The insertion of these 
sutures is technically the most difficult part of the operation and requires 
much patience, especially in dealing with a friable mucous membrane and 
sac. This short paper presents factual observations on forty cases in which 
suturing of the two flaps was greatly facilitated by the use of a special needle, 
which combines the advantages of both the Dupuy-Dutemps miniature 
aneurysmal! needle and Reverdin’s needle, but has the added advantage that 
laceration is infrequent. Thus we were able to include in this series cases of 
chronic dacryocystitis with fistula and those of acute dacryocystitis rendered 
quiescent where the mucous membrane is likely to be friable. 

The cases in which dacryocystorhinostomy was undertaken are analysed in 
the Table. 


TABLE 
RESULTS IN FORTY CASES, BY CONDITION AND TECHNIQUE 





Number Suturing | 


Condition of : . be 
Cases Anterior Posterior Both uccessiu 
Flap Only | Flap Only | Flaps 








22 22 


Simple chronic dacryocystitis 1 | at 





Large atonic sac with 


mucocoele 6 





Chronic dacryocystitis with 


= 
| 
| 





Acute dacryocystitis rendered 


quiescent 5 





Pseudo sac after 
dacryocystectomy _— 


| 
| 
| 
| 
| 


| 
| 
| 
| 


] 





** Includes cases with bilateral sac operations 
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The age and sex incidence of these patients is shown in Fig. 1, which suggests 
that dacryocystitis is most often seen in the 3rd to the 5th decades. The 
youngest child in this series was 6 years old. 


mit 


10 & 11-20 21-30 31-40 OVER 40 
UNDER 


NUMBER OF CASES 





AGE {YEARS} Fig. 1.—Age and sex of forty patients. 


Operative Technique 
In most of the patients the operation was performed under local anaes- 


thesia, but in children general anaesthesia was administered by the endo- 
tracheal route. The nasal cavity is packed the night before the operation 
with ribbon gauze soaked in Argyrol-Ephedrine and with anaethaine 2 per 
cent. with adrenaline. The usual premedication to alleviate apprehension is 
given to all adults. 


Exposure of Sac.—We prefer to make the incision well forward, straight 
and boldly down to the bone in one sweep (Hallum, 1943, 1948). A vertical 
incision is made 2 cm. long with its upper limit level with the inner canthus 
and 1 cm. nasally. Wéith a periosteal elevator the entire bony surface is 
exposed and the soft structures including the lacrimal sac are retracted 
laterally away from the lacrimal fossa. 


Bone Resection—A sharp chisel is placed 7 mm. anterior to the anterior 


lacrimal crest and parallel to it, and a cut is marked by gentle tapping (Jain, 
Sethi, and Prakash, 1955). This line is enlarged to 1-5 cm. so that its lower 


end is level with the commencement of the naso-lacrimal canal. Then two 
horizontal cuts about 1 cm. long are made from the upper and lower ends of 


the vertical cut laterally towards the lacrimal fossa. Deepening there an 
ostcum measuring 1:5 x 1 cm. is formed, and its edges are rendered smooth 


by Citelli’s punch. 
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Incision of Mucosal Flap.—A probe is passed through the inferior punct: m 
and the canaliculus into the sac, and pushed medially to elevate the medial sac 
wall. A stab wound is made in it with a used cataract knife and enlarged 
upwards and downwards, the ends being cut in an “I” shape. This resuits 
into two flaps in the medial sac wall. 

The nasal mucous membrane is incised by two horizontal cuts at the upper 
and lower end of the exposed portion. Then a vertical incision is made with 
the formation of two nasal flaps. The vertical flap is so placed as to make 
anterior flap bigger than the posterior. 

The nasal pack is now removed. 


Suturing of Mucosal Panel Flaps.—In this series we used a special needle of 
our own design (Fig. 2), which makes this otherwise difficult procedure very 


simple with no laceration. The posterior flaps of the nasal mucous mem- 
brane and sac are joined first, and the anterior flaps afterwards, using black 


silk sutures. 


Fig. 2.—Needle. 


Closure of Incision ——The wound is now dusted with penicillin powder. 
Soft tissue including the orbicularis is approximated by a few interrupted 4/0 
catgut deep sutures and the skin wound is closed by continuous subcuticular 
stitches using 00 black silk. Penicillin drops and Irgafen eye ointment are 
instilled into the conjunctival sac. 

A layer of sterile rolled gauze is placed over the incision and a firm dressing 


is applied. 
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Post-operative Management 


The patient rests in bed in the sitting position for 24 hrs, and antibiotics and 
sedatives are given when required for 4 to 5 days. In all cases the first dressing is 
done after 24 hrs. Pressure is applied under fresh rolled gauze over the stitch-line 
to express any collection of serum or blood. This is quite importani, as sometimes 
astreak of blood may be found emerging from the nasal end; retention of biood clot 
or its subsequent organization may partly or wholly block the passage. If no 


particular reactionary swelling occurs, then the eye and the wound are left open. 
The nasal cavity is inspected and cleaned gently to remove any blood clots that 


may be present. On the 4th or Sth day syringing is done with 5 to 6 ml. penicillin 
solution (5,000 units/ml.) combined with 0-25 per cent. of 0-5 to 1 ml. hydrocorti- 


sone suspension. On the 6th day the skin stitches are removed by pulling them 
from one end. Syringing is repeated once every week for a month. 


Complications 

Haemorrhage from the skin incision was rare and in no case was the angular vein 
involved. However, in one case, bleeding from the wound edges was continuous 
and could not be checked by adrenaline packs. When Jelfoam was applied and the 
skin closed, the bleeding stopped. Fracture of the lacrimal bone occurred during 
chiselling in two cases in which the bone was very friable, otherwise this complica- 
tion was not present. 

Laceration of nasal mucous membrane occurred in five cases during the forma- 
tion of the ostium; in two of these it was superficial and there was no difficulty in 


suturing the anterior and posterior flaps, but in three cases only two anterior and 
one posterior sutures could be placed and that with difficulty. 


Results 


All these cases were followed-up for one month in the hospital, but once they 
were discharged follow-up was not possible in every case. Most of them 
live in the suburbs or in distant places, and are too poor to undertake the 
unnecessary expense of a journey unless the symptoms persist. However, 
fourteen patients could be followed-up for from 3 months to one year and in 
them the results were quite satisfactory and the passage remained patent. 
However, in one case, although the patient was relieved of epiphora, no fluid 
could enter the nose on syringing the sac, so that the operation was of doubt- 
ful success. 

Slight puckering of the stitch line occurred in one case only. The stitch- 
line usually becomes inconspicuous within 2 to 3 months of the operation, 
which is a point of some significance for female patients. This is probably 
due to subcuticular stitching and to our open method of post-operative 
Management. 


Discussion 
Although mucocoele and chronic dacryocystitis with atonic sacs offer the 
most favourable prognosis for dacryocystorhinostomy, favourable results 
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were obtained in five cases with lacrimal fistula and five cases with acute 
dacryocystitis, first rendered quiescent by medical treatment. Obstruciion 
of the lower canaliculus, however, is an absolute contraindication to dac: yo- 
cystorhinostomy. 

Dacryocystorhinostomy is not favoured in quite young children but even in 
them it is not contraindicated (Stallard, 1958). Four of our patients were 
under 10 years of age and the youngest in this series was only 6 years old. 
This child, with one eye blind, came with a hypopyon ulcer and a lacrimal 
fistula in the “‘good”’ eye. In his case the puncta were temporarily blocked 
with heat cautery. The hypopyon ulcer healed with the usual treatment, and 
later a dacryocystorhinostomy with a small ostium and with free dissection 
of the fistulous tract was successfully performed. The passage has remained 
patent up till now. 

In one case, even after previous dacryocystectomy elsewhere, the sac 
removal was incomplete and a pseudo-sac had formed in the bottom of the 
lacrimal fossa. We succeeded in doing a anastomosis of the posterior flaps 
only and as a result the epiphora was relieved and the passage has remained 
patent up till now. 

A more medially-placed incision (Hallum, 1948) well forward (1 ml. medial 
to the inner canthus) made straight and boldly down to the bone has its 
advantages that the angular vein is not cut; and mongoloid folds (as reported 
by Lyle, Cross, Simpson, and Frazer, 1946) are absent in a laterally placed 
incision. As the skin incision and sutured flaps are at different levels, block- 
age by the development of scar tissue is infrequent. 

The apposition of the flaps is the most difficult part of the operation and 
this factor has discouraged many surgeons in the past from performing the 
dacryocystorhinostomy, which is an otherwise simple operation for the relief 
of epiphora caused by blockage of the naso-lacrimal duct. The procedure is 
simplified and facilitated by the above-mentioned needle. Reverdin’s 
needle, which has been used by some surgeons, has the disadvantage of caus- 
ing lacerations, especially in dealing with a friable sac and mucosa. More- 
over, with our needle it is much easier to suture the flaps, and it is our practice 
to use this needle for every case of dacryocystorhinostomy in this hospital. 

Subcuticular skin stitches render the incision line inconspicuous and in our 
opinion a deep catgut suture helps to spread the soft tissues which goes a long 
way towards producing a normal canthal appearance. 

The success of the operation largely depends upon the correct apposition 
of the two flaps. It is difficult to agree with Shuttleworth (1949) that the 
exact technique of operation does not affect the ultimate result. The apposi- 
tion of the flaps is rendered very simple by the use of our needle and we have 
never yet found difficulty in approximating the flaps. 

The open method of management of wound healing and the subcuticular 
sutures make the line of incision very inconspicuous. 
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Post-operative syringing with cortisone solution is helpful in preventing 
closure by granulation tissue and subsequent fibrosis, particularly where the 
flaps have not been perfectly apposed. 


We are indebted to Dr. L. R. Sarin, D.O.M.S., M.R.C.P., Medical Superintendent, S.M.S. 
Medical College Hospital, Jaipur, for permission to publish the cases admitted to this hospital. 
We are also grateful to Dr. B. C. Sharma, D.O. (Oxon.), Professor of Ophthalmology, for his 
valuable suggestions. 
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PSEUDO-GLIOMA DUE TO LARVAL 
CHOROIDO-RETINAL GRANULOMATOSIS* 
BY 


WALDRON HARRIS 
Department of Ophthalmology, Leicester Royal Infirmary 


IN view of the apparent rarity of the retinal larval granulomatosis descrived 
by Ashton (1960), it was considered appropriate to augment his four cases 
with a further example of this condition seen at this hospital. 


Case Report 


A little girl aged 2 years and 9 months was brought to the Ophthalmic Out-Patient Depart- 
ment by her mother who had noticed that the child did not appear to see well, as she was 
continually bumping into objects and tended to grope her way around on the floor. 
The child was examined under a general anaesthetic with full mydriasis, using 
atropine drops. Both eyes 
showed a moderate degree of 
hypermetropic astigmatism 
and the fundi showed changes 
simulating abiotrophy of the 
retina, pigmentary  distur- 
bances being the predominant 
feature. The child was 
examined at» intervals, and 
there was no apparent improve- 
ment or deterioration in vision. 
One year after the first atten- 
dance, and only one month 
after the most recent examina- 
tion, a grey reflex was seen to 
be appearing in the right 
pupillary aperture. A further 
examination under anaesthesia 
was performed and a large 
pseudo-gliomatous mass was 
found in the right eye. The 
fundus appearance of the left. 
eye was unchanged from that 
seen one year earlier. 
The right eye was enucleated 
and sent for pathological 
investigation. 
Pathologist’s Report.—The ee 
specimen is an eye showing — Fig. 1.—Specimen of the eye, showi he 
detachment of the retina and retina snd Ghicis tissue Dogg oe 
fibrous reaction (Fig. 1). 
This fibrous mass appears to be inflammatory in origin and the routine section showed 
an occasional foreign body giant cell and a fair number of eosinophils scattered through- 
out the fibrous tissue together with many plasma cells and lymphocytes. There is no 
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reaction in the ciliary body (Fig. 2). One of the serial sections prepared by Prof. Ashton 
in the main fibrotic mass shows an area of fibrinoid necrosis staining brightly eosin- 
ophilic with a series of giant cells around it, and projecting from the choroid is a minute 
granuloma with intensive eosinophilic reaction and a necrotic zone containing larval 
fragments (Fig. 3). Extending from it is a strip of tissue suggesting that during its 
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Fic. 3.—Section of part of granulomatous mass showing an area of fibrinoid necrosis staining 

brightly eosinophilic with a series of giant cells around it. Projecting from the choroid is a minute 

gtanuloma with intensive eosinophilic reaction and a necrotic zone containing larval fragments. 
10 : 
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development the main granulomatous mass, now placed behind the lens, was joined t» the 
granuloma containing larva fragments. The fragments were too small to identify the 
nematode with any degree of certainty, but in width it measured 14-15 y, which ccrres- 
ponds to the width of the second stage larva of the Toxocara, but it could not be decided 
whether it was from 7. canis or T. cati. 

An X-ray of the skull showed no areas of calcification. 

An eosinophilia of 600 per cmm. was found on April 4, 1960. 

In view of the diagnosis based on the pathological report, an attempt was made to 
elicit further facts in the history of the case. 

The child had been born on November 21, 1955, and there had been a puppy in the house 
until the child was 6 months old. The mother had never noticed whether the puppy 
had worms, and there was apparently fairly intimate contact between it and the child. 
There had also been a kitten in the household for a short time when the child was 3 years 
old, but that was after her first attendance at the Ophthalmic Department. 

The child had had measles and chicken-pox, but no pneumonia, jaundice, or con- 
vulsions. She often experienced nightmares and woke up shaking. 


This article was published at the suggestion of Prof. Norman Ashton and I am grateful to him for 
allowing me this privilege. 
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DELAYED LOCAL METASTASIS IN A CHOROIDAL 
MELANOMA* 


BY 


R. J. MCWILLIAM 
Eye Infirmary, Glasgow 


THE prognosis following apparently complete removal of an intra-ocular 
malignant melanoma must always be uncertain. Most recurrences, local 
or generalized, occur within 1 to 2 years but in a proportion there is a delay 
of 5 to 10 years, and quiescent periods of up to 30 years have been recorded 
(Duke-Elder, 1940). In the case here reported, a local recurrence occurred 
after a delay of 16 years. 


Case Report 


A policeman aged 32 years was first seen in October, 1942, complaining of blurring of the 
vision of the right eye of 6 months’ duration. 

In this eye the visual acuity was 1/60 and there was a solid detachment of the retina. 

The eye was enucleated in November, 1942. Pathological examination showed a 
shallow choroidal tumour overlying the optic nerve, about 10 mm. in diameter by 3 mm. 
in greatest depth. Microscopic sections showed a mixed-cell melanotic growth with 
intra-scleral extension close to the nerve. The nerve itself was not invaded although the 
tumour was in close contact with it at the disc. 

The patient returned in January, 1957, complaining of pain above the right socket. 
Examination revealed a very small, non-pigmented raised area in its lower part. X-ray 
films of the orbit and skull showed no evidence of metastases. The patient, did, however 
have sinusitis and when this cleared his symptoms were completely relieved. No change 
occurred in the size or appearance of the swelling in the orbit after repeated observations 
over 3 months. The patient failed to keep a subsequent appointment and was not seen 
again until March, 1958, almost a year later. There was now a large pigmented mass in 
the orbit, and exenteration with immediate skin grafting was performed in April, 1958. 
A year later the man was alive and well, the socket was healthy, and he was wearing a 
prosthesis. 

Examination of the material obtained at the second operation showed a hard mass, 
roughly 3/4” diameter in all planes, lying in the lower, posterior part of the socket. There 
was no evidence on palpation of any other nodule. On section the mass was found to 
have a thin capsule with pigmented tumour tissue inside. Microscopic sections revealed 
a very heavily pigmented malignant melanoma. Bleached sections showed that the 
cell structure was of mixed type similar to that of the mass removed 16 years previously. 


I am indebted to Dr. J. Marshall and to Dr. J. Pendleton White for permission to report this 
case which was under their care, and to Mr. McGibbon for his technical assistance. 
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INTRA-OCULAR CYSTICERCUS* 


BY 
L. MEYERSON anpb B. T. PIENAAR 
St. John’s Ophthalmic Hospital, Johannesburg, South Africa 


ALTHOUGH intra-ocular Cysticercus is rarely seen by the practising 
ophthalmologist, its occurrence has frequently been reported in the litera- 
ture. This case is reported because of its unusual presentation and because 
we believe that the fundus photographs are the first to be published. 


Case Report 
A 21-year-old African female came to St. John’s Ophthalmic Hospital on June 30, 1959, 
because of blindness in the right eye. The vision had deteriorated in this eye over the 
past 9 months, but she had never experienced pain. 


Examination.—The visual acuity of the left eye was 6/6 and the eye was apparently 


normal. 
The outward appearance of the right eye was normal. The pupil did not react to direct 


light, but the consensual reaction was present. 

The ophthalmoscope revealed an absence of the normal red reflex. The retinal vessels 
and disc were obscured by clouding of the vitreous. A large white circular mass was 
noted in the lower inner quadrant of the vitreous adjacent to the retina. No keratic 
precipitates or flare were present in the anterior chamber, and the ocular tension was 


normal. 
The patient was admitted for investigation with the tentative diagnosis of an inflam- 


matory mass in the vitreous. 
Two days after admission, during routine examination of the eye, a clear picture was 


seen of a Cysticercus larva protruding from the white mass (Fig. 1a, b), and a red ring 
was observed approximately 3 disc diameters around the white mass. 


WHITE MASS 


BODY 


SUCKER SCOLEX 


Fia. 1 (a, b).—Body, scolex, and suckers clearly seen. 
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Fia. 2 (a, 5).—Demonstration of pendulum-like movement. 


A slow pendulum-like movement was 
noted (Fig. 2a, b) and, as the larva took 
up a position in a line between the 
observer’s eye and the mass, it disappeared 
into the body of the mass (Fig. 3). This 
was its most favoured position and was 
responsible for the fact that, although the 
eye was examined at least three times a 
day, we were able to see the organism only 
once or twice a week. 

Positioning the patient, flashing bright 
lights into the pupil, and pressure on the 
eye did not appear to stimulate movement. 

All laboratory examinations gave nega- 
tive results, except the complement-fixation 
tests, which were positive for Cysticercus 
and hydatid. The patient admitted thatshe Fic. 3.—Retraction of larval cyst into white 
ate a great deal of pork and that 18 months 48S. 
previously she had passed tape-worm segments for which successful medical treatment had 
been given by a general practitioner. 

Progress.—During her stay in hospital no tape-worm segments were observed in the 
stools. She remained in hospital for 6 weeks without any change in the right eye, and 


refused surgical treatment. A course of Hetrazan was given before she was discharged. 
One month after leaving the hospital the patient returned because the affected eye was 


now painful and beginning to shrink. Circumcorneal injection, keratic precipitates, 
and a flare were present, and the vitreous was opaque, but the patient still refused surgery. 


Summary 


A case of Cysticercus cellulosae is presented with interesting fundus 
photographs which clearly show the movements of a live larva. 


Our thanks are due to the Superintendent of St. John’s Ophthalmic hospital, who gave per- 
mission for this case to be published, and to Zeiss Optical Instruments, Johannesburg, for taking 
and processing the fundus photographs. 
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BILATERAL INTRA-OCULAR CYSTICERCI* 


BY 


E. BALAKRISHNAN 
Government Ophthalmic Hospital, Egmore, Madras 


Cases of intra-ocular Cysticercus usually affect only one eye, and bilateral 
cases such as that reported below are very rare. 


Case Report 
A man aged 55 years attended the hospital complaining of gradual loss of vision in both 
eyes for one year. He was not a vegetarian and was accustomed to eating pork. 

Examination.—The anterior segments of the eyes were normal. The visual acuity in 
the right eye was perception of light in all quadrants; in the left eye counting fingers | m. 

The right fundus showed extensive chorio-retinitis proliferans in the upper quadrants. 
A vitreous cyst occupied the lower temporal quadrant between 6 and 9 o’clock and covered 
the macular region. The shortest distance between the edge of the cyst and the optic 
disc was 5 disc diameters. It appeared to be bilobulate with a sharp luminous border, and 
a thin transparent wall. No movement of the cyst was detected though it was watched 
by many surgeons; a doubtful undulating movement of the portion of the wall nearest 
to the optic disc was occasionally noticed by the writer, but this was dismissed as being 
due to imagination. 

The left fundus also showed extensive chorio-retinitis proliferans around the optic disc, 
and a sub-retinal cyst occupied the area between 7 and 9 o’clock in the lower nasal 
quadrant. The shortest distance between the edge of the cyst and the optic disc was 
6 disc diameters. The cyst was transparent with retinal vessels running over it and a 
clear luminous border. In the centre was a whitish circumscribed area, suggesting the 
scolex. No movement of the cyst was noticed, and perhaps none was possible because 
of its sub-retinal situation. 

There was no evidence of the presence of Cysticercus in any other part of the body. 
The motions were examined repeatedly but no tapeworm segment was detected. 

X-ray examination of the skull was normal. The liver and spleen were not enlarged. 
There were no subcutaneous nodules. The total white blood cell count was 8,000 per 
cmm. and the differential count showed 18 per cent. eosinophilia. Blood tests for 
venereal disease were negative. The urine was normal. 


Operation.—Because of the typical appearance of the cyst the case was diagnosed as 
one of bilateral Cysticercus, and the worse (right) eye was operated on first to confirm 
the diagnosis. After two unsuccessful attempts a third operation was performed under 
local anaesthesia. A 5-mm. meridianal incision was made at 8 o’clock, 17 mm. from the 
limbus. The wound was retracted with two double hooks in the hope that the cyst 
would extrude, but as this did not happen it was assumed that the organism was dead and 
a lens spoon was gently inserted to scoop it out. As the spoon was inserted there was 
much bleeding from the choroid, so that the spoon had to be withdrawn and the wound 
mopped up. Suddenly the edge of a white mass presented itself, and this was gently 
pulled out with Arruga’s forceps (Fig. 1, opposite). After the application of surface 
diathermy, the wound was closed. 
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Fic. 1.—Cyst from right eye. Fic. 2.—Cyst from left eye. 


Examination with the loupe showed the mass to be a cyst, the part which had extruded 
into the wound being the head of the Cysticercus. The protruding head gave it the 
appearance of two cystic masses lying one above the other, which had been seen by the 
ophthalmoscope as bilobulate. The head had not been recognized with the ophthalmo- 
scope, because it was projecting towards the choroid. 

Post-operatively the patient was given streptomycin and penicillin for 7 days and local 
atropine. The visual acuity improved from perception of light to counting fingers at 1 m. 
Recovery was uneventful except that the fundus in that area showed a small detachment 
with a horse-shoe-shaped hole, and it was decided to do a scleral resection later. 

After 4 weeks the left eye was operated on under local anaesthesia. In the lower nasal 
quadrant, after reflecting the conjunctiva, a 5-mm. meridianal incision was made at 
8 o'clock, 15 mm. from the limbus, Here again the wound was retracted in the hope 
that the cyst being sub-retinal would extrude through the wound. As this did not happen, 
the lips of the scleral incision were gently separated by inserting the lens spoon and then 
withdrawing it. Again a portion of the cyst protruded from the wound and was gently 
pulled out with Arruga’s forceps (Fig. 2). The wound was closed after surface diathermy. 

Examination with the loupe showed a typical Cysticercus with the scolex inside the cyst. 

Post-operatively the patient was given streptomycin and penicillin for 7 days and local 
atropine. Recovery was uneventful and the visual acuity improved from 1 to 5 m. with 
no detachment of the retina. 


Comment 

(1) In the right eye the head had protruded from the cyst while it lay 
in the vitreous, and this gave it the appearance of a bilobulate cyst or of two 
cystic masses lying one above the other. Fig. 1 shows this shape clearly. 

(2) Even though no definite movements of the cysts were noted (the 
patient was examined by four surgeons and many other observers), the cysts 
must have been alive to present themselves through the scleral incisions. 

(3) Involvement of both eyes suggests that there was general dissemination 
of the organisms absorbed from the intestine, but there was no clinical 
evidence of their presence in any other part of the body. 

(4) Cysticercus produces inflammation of the choroid even when alive, and 
in this case extensive chorio-retinitis proliferans was present in both eyes. 


I should like to thank Dr. E. C. Srinivasan, Honorary Surgeon, Government Ophthalmic 
Hospital, Madras, to whose Unit this case was admitted, for his help and co-operation, and Dr. 
T. T. Ramalingam, Superintendent of the Government Ophthalmic Hcspital, for permission to 
Treport this case. 
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APPLIANCES 
NEW USES FOR OLD MIRRORS* 


BY 


A. I. FRIEDMANN 
Johannesburg, S. Africa 


Tue use of a small plane mirror on a handle (Fig. 1), similar to a dental 
mirror, can be a most useful aid in direct ophthalmoscopy especially for 
examining the periphery of the fundus and, in particular, when light-coagula- 
tion of the periphery is to be done. 


Fic. 1.—Dental mirror and handle. The rectangular lens is for 
attachment to the light-coagulator mirror, whilst the circular lenses 
are for attachment to the dental mirror. The face of the mirror 
should be parallel to the handle. 


The extreme simplicity of this technique suggests that it might well have 
been used before, but I have been unable to find any reference to it, other 
than Goldmann’s ingenious use of mirrors set in contact lenses for slit-lamp 
gonioscopy and funduscopy. 

Fig. 2 (opposite) shows the mirror held on the nasal side of the eye and the 
ophthalmoscope on the temporal side, so that the extreme temporal periphery 
is seen in the mirror. For small excursions, the ophthalmoscope is held 
still, and movements of the mirror will bring adjoining areas of the retina 
into view. The pupil must, of course, be dilated if the peripheral retina is to be 
examined. Fig. 3 (opposite) shows the view obtained by looking through the 
ophthalmoscope. 

Normally, examination of the peripheral fundus with indirect and direct 
ophthalmoscopy reveals as much of the peripheral retina as the examiner 
wishes to see, but, if the patient cannot rotate his eyes freely, this examination 
becomes more difficult. In light-coagulation the eye can be rotated forcibly 
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Fic. 2.—Approximate positions of ophthal- Fic. 3.—Appearance of patient’s eye and 
moscope and mirror in examining the temp- mirror as seen through the jo cg 
oral periphery. The position of the mirror The parallel lines on the cornea are light 
has been changed for the photograph. reflexes. 


with a squint hook or forceps, but this often proves uncomfortable, and I 
have found that, in spite of the retrobulbar injection, forcible rotation of the 
eye causes much discomfort. If an eye needing coagulation also needs a 
contact lens to overcome ametropia during coagulation, I have found that 
forcible rotation usually tilts the lens and permits the entry of an air-bubble. 

Even when an eye cannot be rotated, the nasal periphery is not too difficult 
to examine, but the upper and lower peripheries are more difficult, and the 
temporal periphery is well-nigh impossible to examine, particularly when the 
patient is immobilized in bed. 

The mirror-image produced by the method here described does not cause 
any difficulty. It must be remembered that this image is not totally inverted 
as in indirect ophthalmoscopy, but laterally inverted. 

When the upper or lower fundus is to 
be examined by this method, the lid is 
pulled out of the way either with the 
back of the mirror, or with one of the 
fingers of the hand holding the mirror 


(Fig. 4). 


Fic. 4.—Method of pulling down the lower lid with 
the edge of the mirror whilst looking at the upper 


periphery. 
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The use of the mirror in light-coagulation of the peripheral retina is shown 
in Fig. 5. Without forcible rotation of the immobile eye, and merely by 
rotating the mirror and holding the ophthalmoscope of the light-coagula ‘or 
still, one can coagulate about one-quarter of the periphery. Merely by 
changing the position of the ophthalmoscope and the mirror, and without 
moving either the patient or the light-coagulator, one can coagulate three- 
quarters of the periphery. 


Fic. 5.—Use of the mirror with the light 
coagulator. 


P| 

If one cannot coagulate far enough towards the periphery, indentation of 
the sclera by an assistant is particularly easy, because the light from the 
ophthalmoscope shines through the sclera. 

To avoid the use of contact lenses in ametropic eyes needing peripheral 
coagulation, I have had +6 and +12 dioptre plano-convex lenses, and a - 10 
dioptre plano-concave lens made to attach to the front of the mirror (Fig. 1). 
I do not anticipate any difficulty with the convex lenses in cases of hyper- 
metropia, but expect that the concave lens will cause some of the divergent 
rays to cause light loss unless the mirror is held near enough to the cornea. 

It is well known that in light-coagulating the periphery in emmetropes, a 
higher intensity of light is required to produce a burn: the fact that the 
periphery is relatively hypermetropic seems to account for this in part. My 
experience in coagulating the periphery in emmetropic eyes with and without 
the +6 dioptre lens in front of the mirror, suggests that a lower intensity of 
light is needed when one uses the convex lens. The ease with which myopes 
of about 5 to 10 dioptres are coagulated in the periphery with a low intensity 
of light and without a contact lens is added confirmation of this theory. 

A plano-convex lens of 3 dioptres on a mirror acts like a 6-dioptre convex 
lens, because the rays of light are refracted twice by the convex surface. 

Silvering the plano side of tlie lens would seem to be a method of over- 
coming some of the surface reflections that occur if the lens is attached to 
the surface of the mirror. 
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This method of attaching a lens to the surface of the mirror has a further 
use in light-coagulation. 

If the required strength of lens is attached to the front surface of the plane 
mirror which acts as the ophthalmoscope of the light-coagulator, it should 
be possible to coagulate any ametropic area directly, without using a contact 
lens. Suitable lenses made for this purpose are shown in Fig. 1. 

Slit-lamp biomicroscopy of the peripheral fundus is exceedingly difficult 
without the help of a Goldmann contact lens with mirrors. 

However, by using the mirror and the slit-lamp microscope with a Hruby 
lens, one can see the peripheral fundus without difficulty. Here again it 
must be remembered that there will be lateral inversion of the image (Fig. 6). 


Fic. 6.—Use of the mirror with 
the slit-lamp microscope. 


Using a self-luminous indirect ophthalmoscope and standing somewhat 
behind the patient, I can see the fundus without difficulty if I use a concave 
mirror instead of a condensing lens. However, as the only concave mirror I 
have is a small one with a hole which is normally used for indirect ophthalmo- 
scopy, I cannot carry this much further at present. But indirect binocular 

‘ophthalmoscopy of the periphery may prove easier with a suitable concave 
mirror instead of a condensing lens, particularly when the eye to be examined 
cannot be rotated. 

Binocular indirect ophthalmoscopy of the peripheral fundus is very simple 
if a condensing lens and a plane mirror are used, because the examiner has 
one hand free to hold the condensing lens and the other to hold the mirror. 
The use of mirror-lens combinations for binocular indirect ophthalmoscopy 
is being further investigated. 

Lastly, the ingenious direct vision gonioscopy lens made by the Medical 
Workshop of Groningen, Holland, has one defect, that the patient has to 
turn the eye with the lens—which is attached by suction—in the direction 
required by the examiner. 
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I find most elderly people are unable to look sufficiently upwards with tie 
lens attached, so that one cannot examine the 12 o’clock position of the an;le 
properly. As this is the situation of most glaucoma operations, the import- 
ance of examining this area needs no elaboration. 

If the mirror is used, however, all the patient needs to do is to look straight 
ahead, and the mirror, held at 6 o’clock, enables one to examine the upper 
angle very easily. 


Summary 


A method of using a small mirror on a handle, which under certain cir- 
cumstances greatly facilitates direct ophthalmoscopy, is described. This is 
of particular advantage in light-coagulation, and it is also useful in binocular 
indirect ophthalmoscopy, and slit-lamp biomicroscopy of the fundus. 

The advantages of attaching suitable lenses to mirrors in light-coagulation 
are also described. 


The mirror illustrated in this paper was made by Gowllands, England. 
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BOOK REVIEWS 


The Eye in General Practice. By C. R. S. Jackson. 1960. Pp. 152, 26 figs. Living- 
stone, Edinburgh. (21s.) 

The scope of this admirable book remains the same, with the addition of a description 
of the use of cortisone in ophthalmology, with a timely warning. 

Additional remarks are also made on traumatic cataract, repair of the lids, blepharitis, 
corneal grafting, and eclipse burn of the macula. 

To the chapter on refraction has been added a note on “spots before the eyes’’, and 
the name of Ashton has been added to the paragraph on retrolental fibroplasia. The 
coloured illustrations of corneal conditions in the original edition have been greatly 
improved by enlargement in two instances. 


Anomalies of Stereoscopic Vision in Squint and their Treatment (Die Anomalien des 
stereoskopischen Sehens bei Schielenden und ihre Behandlung). R. SACHSEN- 
WEGER, 1960. Pp. 80, 47 figs, 88 refs. Thieme, Leipzig (Samml. zwangle. 
Abhandl. Geb. Augenheilk., 19). (D.M. 13.60.) 

The lack of stereoscopic vision is a great handicap in many occupations, and Sachsen- 
weger’s monograph draws attention to methods by which this faculty can be improved or 
developed where it is below normal. In the past few years the whole question of the 
treatment of squint has been the focus of interest. First came Bangerter’s and then 
Ciippers’s methods of re-educating the macula in paramacular fixation, and now Sachsen- 
weger describes new methods of examination and of measuring depth perception by the 
least depth which can just be distinguished, and the whole range of instruments used for 
training stereopsis. The old dictum that only that can be developed which is already 
present, at least as an anlage, is also true here. He classifies subnormal stereopsis into 
stereo-amaurosis and stereo-amblyopia. 

Stereopsis develops after binocular vision has been established, and is completed at 
about the age of 7 or 8 years. Stereopsis is not present in about 10 per cent. of children 
with otherwise normal binocular vision. In squint of late onset, say after age 4 or 5 
stereopsis may be present, but owing to the squint it is neglected. In such cases it is 
important, when treatment starts, to examine the stereoscopic vision and if feasible to 
treat it to avoid further neglect. 

The instruments used in examination and treatment are numerous; this is necessary 
because the patient may learn during treatment to appreciate depth on a particular 
apparatus, but may not bear it out in everyday life or on other instruments. A variety 
is also necessary because the child’s attention can be kept alive only for a short time at 
any one apparatus, and Sachsenweger advocates intensive treatment for a half to one 
hour once or twice a day. Several of the pieces of apparatus described are of the author’s 
own design. 

The factors influencing the result are good visual acuity, and the absence of anatomical 
or refractive anomalies or of gross muscle imbalance. It is interesting that, in cases of 
aniseikonia or astigmatism, stereopsis may not be disturbed. On the other hand the 
strong dominance of one eye may be conducive to a reduction in stereoscopic vision. 

A description of the exercises is followed by an analysis of the results. 


Anatomy and Histology of the Eye and Orbit in Domestic Animals. By J. H. Prince, 
C. D. Dresem, I. Eouitis, and G. L. RUSKELL. 1960. Pp. 307, 187 figs. Black- 
well Scientific Publications, Oxford. (£6 6s.) 

Although there have been some excellent papers on limited aspects of the anatomy of 
the eye and orbit of domestic animals, no comprehensive work on the subject has so far 
7 





158 BOOK REVIEWS 


been published. This book is admirably designed to fill the gap, and as far as the 
laboratory worker in ophthalmological research is concerned it will be a most valuable 
reference volume. 

The first chapters supply an excellent introduction to the gross and histological struciure 
of a typical mammalian eye with some notes on the comparative anatomy of the orbit and 
itscontents. The succeeding chapters give the detailed anatomy of the eye and orbit of the 
dog, cat, horse, ox, sheep, pig, goat, and rabbit. The presentation of these detailed 
anatomical studies in one volume should enable the research worker to choose the most 
suitable experimental animal for his particular purposes and will indicate the best method 
of approach to the particular structure concerned, thus saving much time and labour 
which would otherwise be wasted through wrong choice of animal or incorrect surgical 
approach. : 

Tie text is clearly written and divided into numbered paragraphs, which greatly 
facilitates rapid cross-reference though rather spoiling the appearance of the printed 
page. The book is profusely illustrated with clear line drawings and excellent photo- 
graphs of histological preparations, only the colour plate of the dog’s fundus falling 
below the otherwise high standard of reproduction. 


Prophylactic Treatment of Retinal Detachment. (Die prophylaktische Behandlung der 
Netzhautabloésung.) By H. HEINZEN. 1960. Pp. 220, 197 figs (many in colour), 
bibl. Enke, Stuttgart. (D.M. 125). 

In recent years the value of prophylactic operations for retinal detachments has excited 
considerable interest, particularly when a retinal cyst or hole exists with a minimal 
detachment or none, or when a detachment may be anticipated, as after a cataract 
extraction in an eye with much degeneration in the periphery of the retina. This has 
recently become a more pressing question in view of the ease and relative safety of 
treating such cases by light-coagulation. It is relatively simple, for example, when 


degenerative changes are widespread, to throw a coagulative barrage around the whole 
of the periphery. This monograph deals extensively with these questions; the value of 
prophylactic surgery is.discussed, and suggestions based both on the author’s experience 
and on recent findings in other clinics are put forward to help in deciding whether 
diathermy coagulation or light-coagulation is the more appropriate therapeutic measure. 
The volume is clearly and concisely written, the bibliography useful, and the illustrations 


superb. 


Principles and Practice of Refraction. By G. H. Gites. 1960. Pp. 688, 163 figs, bibl. 
Hammond, Hammond, and Co., London. (£6 6s.) 

This is a well printed and illustrated volume of 688 pages. It is primarily meant for 
student opticians, but many sections are of interest to the ophthalmologist, particularly 
as showing the expansion of the profession of optician. Refraction proper occupies 
about half of this volume. Orthoptics, examination of visual fields, drugs and their uses, 
and contact lenses are described in great detail. The fitting of spectacle frames occupies 
only a modest section of thirteen pages. 

Some of the subsidiary chapters are by associated authors. Like most symposia the 
quality of the book is unequal. The section on the clinical testing of colour vision is 
first-class and can be recommended for medical reading. There is a very well-written 
section on contact lenses in which the corneal micro-lens is strongly advocated. The 
section on refraction is often interesting and always competent. The book is weakest 
when it touches on quasi-medical work performed by the optician. Drugs are defended 
on the rather disarming grounds that they help to make available to the optician’s 
patients the full benefit of his training and the maximum contribution to the National 
Health Service. A mydriatic is considered necessary to study the form of lens opacities 
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because some types must be referred and others need not be. The discretion has ap- 
parently to be left to the optician. Atropine irritation, it is noted, “disappears quickly 
when the instillations are stopped”. Emergency measures for atropine poisoning consist 
of sending for a doctor, giving one teaspoonful of tannic acid in half a tumbler of water, 
and an emetic followed by an aperient, stimulants, and treatment for shock. The danger 
of glaucoma following the use of a mydriatic is recognized, but it is said to be slight so 
long as there are no symptoms pointing to glaucoma, the usual tests for glaucoma in 
routine examination are negative, no field defects are revealed, and the anterior chamber 
is normal in depth and angle width. Tonometry is described including applanation 
tonometry. It is stated that where lenticular opacities are present there is clearly a case 
for ordering distance spectacles, for the eyes should be subjected to as little strain as 
possible. Examination of visual fields is described at great length, but it is stated that 
the ophthalmic optician or optometrist is not in general concerned with the diagnosis of 
a pathological condition. The exception is made in the case of glaucoma, where the 
words “‘“Glaucoma Suspected”’ should be added to the report in red and the outside of 
the envelope as well as the report marked “‘URGENT”’. There is a lengthy and in many 
places interesting section on orthoptics, including pleoptic methods. 

The book raises to the thoughtful medical reader many questions as to the proper 
relationship between the ophthalmologist and the ophthalmic optician. If the activities 
of opticians are to extend to such matters as tonometry and the removal of foreign bodies, 
their education will require most careful supervision. 


Eye Signs in General Disease. By F. H. HAgsster. 1960. Pp. 118. Thomas, Spring- 
field, Ill. (46s.) 

This is a short book which surely must have been meant not for reading but for refer- 
ence. It contains a collection of signs and syndromes seen in the eye and its adnexa 
together with their clinical significance and diagnostic value. Many of these provide 
evidence—frequently early evidence—of systemic disease, and are therefore of general 


importance in medicine and act as valuable pointers to diagnosis. No attempt has been 
made to discuss the diseases to which the ocular signs may provide a lead, except in the 
case of a few rare conditions. As a work of ready reference the book should be of value 
to a wide circle of readers. 


Space and Sight. By M. von SENDEN, trans. PETER HEATH. 1960. Pp. 348, bibl. 
Methuen, London. (42s.) 

This book is an excellent example of the quite pointless damage caused by war. In his 
youth in Germany, von Senden laboriously traced all the available case-reports of children 
who had been born blind (mostly with congenital cataract) and subsequently operated on 
with the acquirement of vision, with the aim of assessing their post-operative psychological 
reactions. The publishers’ stock of the book was destroyed in an air-raid on Leipzig in 
1943, so that no copies were available to the scientific world, and all the author’s original 
notes which had been deposited in the Psychological Institute of Keil University. were 
similarly destroyed. Now, at long last, the book has been given a new life and rendered 
accessible to English readers by its translation from one of the few extant copies by Peter 
Heath of the Department of Logic at St. Andrews University. 

The problem tackled by the author is the old philosophical controversy whether spatial 
perceptions are acquired on an intuitional basis at birth or whether they are laboriously 
built up by the experience of each individual; the same controversy exists with regard to 
all perceptual processes and ideation, and it is part of the larger battleground between the 
Nativistic and empirical schools concerning the relation of the content of our knowledge 


and the means by which it is acquired. This intellectual controversy engaged the attention 
of such early philosophers as Descartes, Locke, Leibnitz, Berkeley, Hume, and Kant, and 
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in the field of visual perception the two sides were energetically defended a century ago 
by Hering and von Helmholtz. In 1690, William Molyneux, whose blind wife probabiy 
led him to consider the problem, first suggested to Locke that it might be solved by the 
observation of the reactions of people born blind who had had gained their sight after a 
surgical operation. von Senden has diligently studied all the case histories available to 
him, but it must be said that many of these are poorly reported, particularly from the 
psychological point of view, and none was adequately analysed or studied before and 
after their surgical experience. 

From this study von Senden has emerged a complete empiricist, for he finds (which is 
true) that the performance of such a person is poor and that he has the greatest difficulty 
in translating a world hitherto explored by the tactile and kinaesthetic senses into the 
terms of the world spread before his visual sense for the first time. von Senden goes so 
far as to claim that an awareness of space cannot be acquired by tactile impressions alone, 
but is solely dependent on the faculty of vision; but with this claim everyone would not 
agree. The fact that feeling and seeing are quite distinct sensations is certainly indisput- 
able, and the fact that impressions from the two senses cannot immediately be equated 
could be interpreted as indicating merely that the space-world of touch is different both 
from the space-world of vision and from the married visuo-tactile world. It could quite 
well be argued that the blind mai has a spatial world of his own, with very different 
dimensions from that of the seeing man, being limited by the span of his arms or the 
counting of his steps; and although his reactions on being suddenly translated from the 
one to the other resemble those evoked by the process of learning a new and strange 
language, this does not prove that all spatial perceptions are this laboriously acquired. 
Supposing, as J. G. Warnock pertinently points out in an Appendix, vision and touch 
were completely deranged, who could argue whether spatial perceptions would be built 
on the world thus seen or the world thus felt to the accompaniment of irrelevant and 
perhaps distracting visual or tactile impressions as the case might be? There is nothing 
more certain than that the more refined aspects of visual/spatial discrimination depend 
on learning and experience, but the evidence produced in this book cannot be said to sub- 
stantiate either an out-and-out empiricism or an out-and-out nativism; the fundamental 
problem remains essentially as it was. 


NOTES 


TREACHER COLLINS PRIZE EssAY 


Under the above title, the Council of the Ophthalmological Society of the United 
Kingdom has instituted a Prize of £100, awarded triennially, for the best essay submitted 
upon a subject selected by the Council. 


The prize shall be open to qualified medical practitioners of any nationality. 
The essay shall be written in the English language. 
The subject for the next award of the prize is “‘Demyelination and the Eye”’. 


The winning essay may be published in the Transactions of the Ophthalmological Society, if 
the Council so desire. 


The closing date for sending in essays for this award is December 31, 1962. Essays 
should be submitted to the Honorary Secretary, Ophthalmological Society of the United 


Kingdom, 47 Lincoln’s Inn Fields, London, W.C.2, from whom further particulars may 
be obtained. NNo name should be on any essay, but a distinguishing pseudonym or 


quotation, which should be upon a sealed envelope containing the candidate’s name and 
address, should accompany the essay. 
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COMMUNICATIONS 


PHOTOELECTRIC METHOD OF INVESTIGATING THE 
AMOUNT AND OXYGENATION OF BLOOD IN THE 
FUNDUS OCULI* 


BY 


K. D. BROADFOOT, J. GLOSTER, AND D. P. GREAVES 


Institute of Ophthalmology, University of London. Director of Research— 
Sir Stewart Duke-Elder 


THE serious loss of vision which commonly follows a rise in intra-ocular 
pressure is a familiar clinical experience, but the characteristics of the rate 
or type of visual loss are not necessarily proportional to the degree of rise 
in pressure, nor to the length of time for which it operates. Since it is 
impossible to predict precisely the amount or rate of visual loss from the 
degree of elevation of the intra-ocular pressure, it is reasonable to postulate 
that some other factor or factors determine the vulnerability of the nervous 
elements of the eye to a pathological rise in pressure. 

In general, body tissues, especially nervous cells, depend on an adequate 
blood supply for normal functioning, and it may be that modification of 
the circulation of blood within the eye by a rise in intra-ocular pressure 
plays a part in determining the loss of visual function in glaucoma. With 
these ideas in mind we have attempted to devise a method for studying 
certain aspects of the vascular circulation inside the eye. 

Schubert (1936), using diascleral illumination in albino rabbits, was able 
to demonstrate photoelectrically that the amount of light leaving the eye 
through the pupil changed during asphyxia, carotid occlusion, and ex- 
sanguination; the technique necessitated subluxating the globe in front of 
the eyelids. More recently Niedermeier (1958) claimed to have measured 
the thickness of the choroid by photographic measurement of the amount 
of light emerging from the pupil during diascleral illumination with yellow- 
green light. We thought it would be preferable to employ the principle 
used for the study of visual pigments (Weale, 1953; Rushton, 1956), in 
which the fundus is illuminated through the pupil and the amount of light 
returning through it is measured. 

Our requirements were that the method should indicate (a) changes in 
the amount of blood in the choroid and (b) alterations in the colour of the 
blood, particularly those induced by changes in oxygen saturation or by the 
intravenous injection of dyes. Alterations in the amount of blood in the 
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choroid are best studied by illuminating the eye with green light, and varia- 
tions in colour due to changes in oxygen saturation can be followed by using 
red light as in the standard methods of oximetry (Zijlstra, 1958). When 
coloured substances are injected into the blood stream, it is necessary to 
employ light of a colour complementary to that of the dye. 

Our apparatus was designed so that lights of three different colours were 
projected into the eye in continuous and rapid succession; the light returning 
from the eye fell on to the cathode of a photomultiplier. By means of a 
suitable electronic arrangement it was thus possible to obtain practically 
simultaneous records of the amount of each coloured light reflected from 
the fundus. 

The scope of this paper is restricted to a description of the apparatus and 
the presentation of results which demonstrate that the technique can be 
used to follow changes in the amount of blood in the choroid and alterations 
in its oxygen saturation. 

Apparatus 

A small Gullstrand ophthalmoscope was modified as shown diagrammatically 
in Fig. 1. The light source was a straight-filament 12 v. 12 w. bulb supplied by a 
Servomex voltage stabilizer (Type DC 65). A rotating disc 17-5 cm. in diameter 
was interposed in the beam of light immediately in front of the large condenser 
prism of the ophthalmoscope. The disc was attached to the spindle of a small 
electric motor driven at 2,500 r.p.m. by a second Servomex voltage stabilizer. 
The colour filters were situated in three apertures (3-8 cm. in diameter) in the disc, 


which were equidistant from one another and with centres 5-5 cm. from the centre 
of rotation of the disc. Three smaller apertures (1-5 mm.) placed near the 
periphery of the disc were used in conjunction with a small light source and a 
photodiode to operate electronic switch-gear linked with the output of a photo- 
multiplier (E.M.I. 9528B) which replaced the viewing eyepiece. Two polaroid 


‘Cm Small light source 


Rotating disc 
3 large apertures for colour filters 
3 small apertures for synchronizing 


l2v. l2w. bulb 





Photomu!tiplier 


Fic. 1.—Basic diagram of optical system employed in apparatus. 
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filters were interposed in the light path; one (P,) was in the incident beam of light 
above the small prism, and the other (P2), with its plane of polarization at right- 
angles to the former, was in front of the photomultiplier. This combination was 
found necessary to eliminate unwanted light returning by specular reflection from 
the surfaces of the main ophthalmoscope lens. 

It is appropriate at this stage to discuss our choice of colour filters. Although 
on theoretical grounds it would have been desirable to use three monochromatic 
lights, in practice the colour filters used were determined by the sensitivity of the 
photomultiplier and the power of the light source, the latter being restricted by the 
design and optical arrangement of the ophthalmoscope. Therefore the selection 
of suitable filters had to be a compromise between theoretical and practical 
requirements which precluded the use of highly selective filters. The filters were: 

Red (Ilford Spectrum Red No. 608). 

Cyan (blue-green) (Ilford Cyan No. 307). 

Yellow-green (Ilford Bright Spectrum Yellow-green No. 625). 
Orange (Ilford Spectrum Orange No. 607). 


Electronic System 


Since light is the basic form of energy used in this instrument and the informa- 
tion is to be displayed in graphical form, transformation from light to electrical 
energy is necessary. Also, since the light used is pulsed, successive pulses repre- 
senting different parts of the light-spectrum, it is essential to differentiate between 
these pulses and to present them as separate tracings on a recorder. It is the 
purpose of the electronic section of the instrument to perform these two functions. 
The way in which this is achieved is now to be described with reference to the block 


diagram (Fig. 2). 
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METERS AND RECORDING APPARATUS 
Fic. 2.—Block diagram of electronic section of apparatus. 
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As already described, steady light is “chopped” into pulses by means of a 
rotating disc before it enters the optical section of the instrument. This dic, 
driven by a D.C. motor at a constant speed of 2,500 r.p.m., contains the thice 
colour filters mounted over circular holes. Hence pulses of light at a frequency 
of 125 per second, representing successively three bands in the colour spectruin 
are projected into the eye and reflected back from the fundus on to a sensitive 
photomultiplier tube (EMI 9528B). An E.H.T. stabilized power-supply energizes 
the photomultiplier to a potential of up to 1,000 volts. This supply also contains 
a “safety-trip”, which protects the photomultiplier by removing the high voltage 
in the event of too much light entering the tube. 

As the information relating to the amount of light reflected back for each colour 
is obtained from a single photomultiplier, it is essential that this information be 
separated into three discrete channels if each channel is to represent a different 
colour. Furthermore, since the frequency of the pulses is high, this separation 
is done by means of an electronic switch and gate circuits. Approximately forty 
samples of the light-levels for each colour are taken every second and’ these samples 
are integrated with respect to time in order to produce three separate tracings on 
paper moving through a recorder at a steady rate. 

Before entering the gate circuits the very small signals from the photomultiplier 
are amplified up to a higher level by means of a broad-band amplifier. The switch 
consists of two parts. The “Gate Circuits” allow the photomultiplier output to 
pass into the appropriate channel at the correct instant of time on receipt of a 
command signal from the “Electronic Switch”. That is, supposing Channel 1 
represents red, then the photomultiplier output is connected through to Channel | 
only when the hole containing the red filter in the rotating disc is opposite the 
lamp. As each of the other two colour filters appears in front of the lamp, the 
“Gate Circuits’’ connect the photomultiplier to the respective output-channels. 

The command signals from the “Electronic Switch” open each gate for just 
long enough, and at the correct time, so that two channels cannot be c »nnected 
to the photomultiplier simultaneously. In order to achieve this, the gate-circuits 
are triggered at the correct instants by electrical pulses arising from the photo- 
sensitive diode; the latter is actuated by light ““chopped” into pulses by the small 
apertures near the periphery of the rotating disc, the source being a 12 v. lamp 
supplied by the second Servomex voltage stabilizer. It is then only necessary to 
set the “Electronic Switch” and position of the disc correctly before starting the 
disc rotating, in order to ensure that the “‘Electronic Switch”’ will always operate 
the “‘Gate Circuits” at the correct time. 

To prevent the system responding to ambient light, each of the three channels 
incorporates a tuned amplifier. Each amplifier, being tuned to a frequency of 
approximately 40 cycles per second (the pulse frequency in each channel), will 
reject other frequencies, especially those above 40 c.p.s. generated by mains- 
operated room-lights, and thus it is possible to operate the equipment in the 
presence of a small amount of stray light as, for example, from a reading lamp 
placed above the recorder. A second function of these amplifiers is to bring the 
signals in each channel up to levels where they will operate the recorder and at the 
same time display the outputs on three moving coil microammeters. 

Provision was made for four ranges of amplifier gain between the photo- 
multiplier and the ‘Gate Circuits” in order to allow for variations in the amounts 
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of light returning from eyes with differing degrees of pigmentation. Since these 
four ranges were not absolutely linear, it was essential to calibrate the display 
galvanometers in terms of output of the photomultiplier by feeding simulated 
photomultiplier outputs at known levels into the broad-band amplifier. The 
apparatus incorporated an oscillator which was used at the end of each experiment 
to obtain a series of standard deflections which were recorded on each tracing. 
By means of this standard and the calibration referred to above, it was possible 
to convert changes observable on the tracings to alterations in photomultiplier 
output, which, as already mentioned, are proportional to changes in the amount 
of light reaching the photomultiplier. 

A detailed account of the electronic apparatus just referred to is to be published 
elsewhere by one of us (K. D. B.). 


Procedure 


(A) EXPERIMENTS IN VITRO.—A Ryland’s schematic eye was set up with a 
perspex cell in place of the sliding retinal segment (Fig. 3). A depth of 
6-5 mm. was chosen for the cell because this gave a light-path of 13 mm., 
and with the cell containing a 1/100 dilution of blood it was considered that 
this would be approximately 
comparable with a choroidal 
thickness of 0-05 mm. to0-25 mm. 
Whole human blood was diluted 
to 1/100 with water and laked, 
and 17 ml. of this solution were 
placed in the cell. The ophthal- 
moscope was set up in the 
fylend's “viewing” position in front of 

ye the “‘schematic” eye, and the 
outputs obtained with red, cyan, 
and yellow-green filters in the 
rotating disc were recorded. 
Ni st a es 2 ml. water were added to the 
solution of blood in the cell and 
stirred for a short time; the new 
outputs were recorded. Succes- 
Fic. 3.—Diagram of model used in experiments in sive additions of the same 
vitro. amounts of water were made at 

intervals. 

For studying the oxygenation and deoxygenation of blood, two procedures 
were followed. In the first procedure a 1/100 dilution of laked blood was 
placed in a conical flask through which a stream of nitrogen was passed, 
and was shaken gently until the solution appeared to be reduced, this change 
being confirmed with a hand-spectroscope. This solution was then placed 
in the perspex cell and the outputs from the photomultiplier recorded as 
before. Oxygen was then bubbled through the solution in the cell until it 


Diluted laked blood 




















White card -—> 








166 K. D. BROADFOOT, J. GLOSTER, AND D. P. GREAVES 


was oxygenated, the change in the outputs being recorded continuously. in 
the second procedure an oxygenated solution of laked blood was placed in 
the cell and nitrogen was bubbled through until the changed outputs became 
steady. The nitrogen was then replaced by oxygen, the changes in outputs 
being continuously recorded. 

For studying the effect of adding Evans blue to blood, the perspex cell 
containing 25 ml. of a 1/100 dilution of laked blood was set up behind the 
“‘schematic”’ eye, the colour filters being red, cyan, and orange. The 
recording was begun and additions of 0-01 ml. 0-5 per cent. Evans blue 
solution were made successively at suitable intervals. 


(B) EXPERIMENTS ON RaABBITS.—The animals were anaesthetized by intra- 
venous injection of a 25 per cent. solution of urethane in a dosage of 1-75 
to 2-00 g./kg. The trachea was cannulated, and in some experiments the 
carotid arteries and cervical sympathetic trunks were exposed, and a hypo- 
dermic needle connected to a saline reservoir was introduced into the anterior 
chamber. The eyelids were held apart by suitably placed sutures and the 
cornea was kept moist by a saline drip. The pupil was dilated with atropine 
and the animal’s head fixed in a holder with the eye directly in front of the 
ophthalmoscope. 


(C) EXPERIMENTS ON HUMANS.—One pupil was dilated with 2 per cent. homa- 
tropine and 2 per cent. cocaine drops, and the upper eyelid was blackened 
with burnt cork so that the light reflected from it during blinking was reduced 
toa minimum. The subject was seated in a comfortable position, with his 
head firmly supported in front of the ophthalmoscope by means of a forehead- 
rest and a biting-board with an attached dental mould. The position of 
the eye to be examined was set by adjusting a fixation-light viewed by the 
other eye. 

The intra-ocular pressure was raised by the application of a Bailliart’s 
ophthalmodynamometer directly to the globe on the temporal side in the 
region of the equator. The movement of the eye caused by this procedure 
was compensated by an adjustment of the ophthalmoscope. 

In order to change the oxygenation of the blood, the subject was instructed 

to breathe deeply for about 30 sec. and then to hold his breath in expiration 
for as long as possible. In some experiments an additional record was also 
made from a Stanco oximeter which registers the change in oxygenation of 
the blood in the tissues of the ear. 
(D) GENERAL.—In all experiments care was taken to ensure that the incident 
beam of light entered the eye in the correct position, i.e. through the lower 
half of the dilated pupil. The voltage applied to the photomultiplier and 
the gain of the amplifiers were adjusted to bring the output into a range suit- 
able for recording. Wherever possible the outputs obtained with the three 
colours were roughly equalized by placing neutral density filters in the 
appropriate large apertures in the rotating disc. 
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A Lumicord multichannel apparatus (Cinetronics Ltd.) was used to record 
the amplified outputs of the photomultiplier. It had been shown experi- 
mentally that, within the range of illumination employed, the output of the 
photomultiplier was proportional to the amount of light falling thereon, and 
by the use of the calibration referred to above any galvanometer deflection 
could be expressed as an output of the photomultiplier, thereby giving a 
direct measure of the amount of light returning from the fundus oculi. The 
terms “red output”, “green output”, etc., will refer to the outputs of the 
photomultiplier in response to the amounts of red or green light respectively 
returning from the eye. Thus, a rise in the red output means an increase 
in the amount of light reaching the photomultiplier from the eye implying 
a decrease in absorption of red light by the fundus oculi. Every record 
shows three tracings. The upper tracing always shows the red output from 
the eye, and the middle tracing shows a yellow-green or cyan output. The 
lower tracing usually gives a second green output, but in experiments using 
Evans blue it shows the orange output from the eye; in three experiments 
the lower tracing was not obtained from the eye but was used to register 
changes from the ear oximeter. An increase in output of the photomultiplier 
is indicated by a downward movement of the tracing, as can be seen from 
the output calibrations (in microampéres »A.) on each figure. The vertical 
lines in all but one of the figures represent intervals of one minute. In the 
preparation of these illustrations for publication it was necessary to intensify 
some of the original tracings with Indian ink. 


Results 
(A) EXPERIMENTS IN VITRO 


(i) Changes in concentration of blood. 
(ii) Changes in oxygenation of blood. 
(iii) Addition of Evans blue to blood. 


(B) EXPERIMENTS IN VIVO 


(i) Changes in the amount of blood in the choroid. 
(a) Occlusion of the carotid artery in rabbits. 
(b) Lethal injection of Nembutal in rabbits. 
(c) Cervical sympathetic stimulation in rabbits. 
(d) Inhalation of amyl nitrite in rabbits. 
(e) Changes in intra-ocular pressure in the rabbit. 
(f) Changes in intra-ocular pressure in human subjects. 


(ii) Changes in the colour of choroidal blood. 
(a) Intravenous injection of physiological saline in rabbits. 
(b) Intravenous injection of Evans blue in rabbits. 
(c) Change in oxygen saturation during apnoea after deep breathing 
in human subjects. 
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(A) EXPERIMENTS IN VITRO 

(i) Changes in Concentration of Blood.—Fig. 4 shows the record obtained 
from such an experiment and the graph (Fig. 5, opposite) derived from this 
tracing shows the outputs of the photomultiplier. It is clear that, whilst an 
almost two-fold change in the concentration of blood had no effect on the 
red output, the outputs for both cyan and yellow-green fell with each 
increase in concentration. 


pA. 
200— he 


250 
300— 




















Yellow-Gree 


Fic. 4.—Effect of changes in 
concentration of blood (experi- 
ment {in vitro). In this and 
succeeding illustrations verti- 
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(ii) Changes in Oxygenation of Blood.—Fig. 6 (opposite) shows the record 
obtained when the oxygenation of the solution of blood was changed by the 
second of the two procedures described above. It will be noted that, whilst 
the yellow-green output showed no change, the outputs for red and cyan 
changed with alterations in oxygenation. As nitrogen was bubbled through 
the solution the red output fell slowly, and it rose rapidly to its original level 
when the solution was re-oxygenated. By contrast, the cyan output fell 
when the solution was exposed to nitrogen and rose again on re-oxygenation. 
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Fic. 5.—Results of Fig. 4 expressed in terms of outputs of the photomultiplier. 


In the two instances in Fig. 6, when the blood was changed from the reduced 
to the oxygenated condition the red output rose by about 11 per cent. and 


the cyan fell by about 5 per cent. 


A. 

Fic. 6.—Effect of changes in - 
oxygenation of blood (in vitro 1°) 
experiment). 
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(iii) Addition of Evans Blue to Blood.—Fig. 7 shows the record obtained 
in such an experiment. The changes in the output of each colour with 
alteration in the concentration of Evans blue are represented graphically in 
Fig. 8 (opposite), which shows that, whilst all three outputs fell with increas- 
ing concentration of Evans blue, this effect was most marked for the orange 
output. 
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Intravenous Injections of Evans Blue Solution 

Fic. 7.—Effect of intravenous injections of Evans blue solution in rabbit. 





















































(B) EXPERIMENTS IN VIVO 
(i) Changes in Amount of Blood in the Choroid 


(a) Carotid Occlusion —Fig. 9 (opposite) shows the recording from the 
left eye during the occlusion of the left common carotid artery in an albino 
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Fic. 8.—Results of Fig. 7 expressed in terms of outputs of the photomultiplier. 


rabbit. During the period of carotid occlusion there were definite rises in the 


yellow-green output and in the cyan output, these changes occurring rapidly 
and synchronously with the onset and cessation of carotid occlusion. The 


red output by comparison showed little change. 


Yellow-Green 


Fic. 9.—Effect of carotid 
occlusion in a rabbit. 
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(b) Intravenous Nembutal.—Fig. 10 shows the recording from the eye 
of a pigmented rabbit during the intravenous injection of a lethal dose of 
Nembutal. An increase was noted in all three outputs, but this was pro- 
portionately greater for the yellow-green and cyan than for the red. 
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Fic. 10.—Effect of lethal dose 


of Nembutal in a rabbit. 








(c) Cervical Sympathetic Stimulation—The pre-ganglionic part of the 
left cervical sympathetic trunk in an albino rabbit was stimulated electrically 
(Fig. 11, opposite). A rise in output occurred for all three colours, especially 
for yellow-green and cyan. The changes commenced almost synchronously 
with the onset of stimulation and persisted through the period of stimulation. 
On cessation of the stimulus, all three outputs returned gradually towards 
their initial levels. In the experiment illustrated, the red output increased 
by about 25 per cent. of its initial value, whereas the output for yellow-green 
increased about eight times, and for cyan about five times. 


(d) Amyl Nitrite—In an albino rabbit the inhalation of amyl nitrite 
caused the outputs for all three colours to fall, but the changes in cyan and 
yellow-green were much greater than the change in red (Fig. 12, opposite). 
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Fic. 11.—Effect of stimulation of 
cervical sympathetic nerve in a | 
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Cervical Sympathetic Stimulation 


Fic. 12.—Effect of inhalation of amyl nitrite in a 
rabbit. 
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(e) Changes in Intra-ocular Pressure: Rabbit Eye.—The pressure within 
the eye was changed artificially by means of an adjustable reservoir con- 
taining saline connected to a needle inserted into the anterior chamber. 
Figs 13 and 14 are records from two albino rabbits. 


In Fig. 13 the intra-ocular pressure was raised from 20 to 95 mm. Hg for 
6 min. The cyan and the yellow-green outputs were markedly and per- 
sistently increased while the pressure was raised; when it returned to its 
initial level, both outputs feli rapidly below their original level, falling even 
lower during the following 15 sec. or so, and returning gradually to the 
original level in 3 to 4 min. The red output on the other hand showed a 
slight fall during the period of raised pressure, and there was a gradual 
return to the initial level when the original pressure was restored. 


Intra-ocular Pressure [mm.Hg] 
20 95 20 
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Fic. 13.—Effect of changes in intra-ocular pressure in a rabbit. 
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In Fig. 14 the pressure was reduced from 20 to 10 mm. Hg, and through- 
out this period the cyan and yellow-green outputs were lower and the red 
output was slightly higher. All three outputs returned rapidly to their 
original levels when the pressure was restored to 20 mm. Hg. 
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Fic. 14.—Effect of changes in intra-ocular pressure in a rabbit. 


(f) Changes in Intra-ocular Pressure: Human Eye.—Figs 15, 16, and 17 
(overleaf) are recordings from a human eye in which the pressure was elevated 
by applying a Bailliart’s ophthalmodynamometer to the lateral aspect of the 
globe. This caused the eye to be displaced medially, with consequent gross 
changes in all outputs. An attempt was made to minimize these effects by 
moving the ophthalmoscope through the same distance medially so that light 
entered and left the pupil in the same positions as before. A compensatory 
adjustment of the ophthalmoscope was also made in the other direction 
when the dynamometer was removed. 

At the moment of application of the dynamometer, there was a large fall 
in the red output and rises in the two green outputs, which were due to the 
displacement of the eye. After adjustment of the position of the ophthalmo- 
scope, the red output rose to its initial level but the yellow-green and cyan 
outputs were both increased and remained so until the dynamometer was 
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Dynamometer 50g. Dynamometer 75g. 
wine and 16.—Effects of changes in intra-ocular pressure in the human eye (Dynamometer 50 
an g.). 
removed. These effects were greater when a larger force was applied by 
the dynamometer. The results of one such experiment are summarized in 
Table I, which shows that the red output sometimes increased and sometimes 
decreased, but that the changes never exceeded 5 per cent. On the other 


TABLE I 
RESULTS OF APPLICATION OF DYNAMOMETER TO HUMAN EYE 





Changes in Output during Application of Dynamometer 


Force from (expressed as Percentage of Initial Level) 


Dynamometer 
(g) 








Red Yellow-Green Cyan 
25 -3 0 0 











50 | +3 0 +5 





75 | = 
100 +5 
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pA. hand, where any change occurred 
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a greater the force applied by the 
dynamometer. 


— 200 


ah 2 





















































Dynamometer 100g. 20m. Saline intravenously 


Fic. 17.—Effect of change in intra-ocular Fic. 18.—Effect of intravenous injection of 
pr in the human eye (Dynamometer saline in a rabbit. 
g.). 


(ii) Changes in Colour of the Choroidal Blood 


(a) Injection of Saline: Rabbits —Fig. 18 shows the effect of injecting 
20 ml. physiological saline into the ear-vein of a rabbit. The red output 
rose by 15 per cent., and the yellow-green and cyan outputs by approximately 
100 per cent. 


(b) Injection of Evans Blue.—A series of injections of Evans blue was 
made into the ear-vein of a rabbit (Fig. 19, overleaf). In this experiment the 
colour-filters used were red, cyan, and orange. With each injection of dye the 
output for cyan fell temporarily, but this output showed no persistent change. 
By contrast the outputs of red and orange showed persistent falls with each 

12 
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successive injection of dye. Table II (below) summarizes these persistent 
changes and shows clearly that the orange filter gave the maximum effect. 
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Fic. 19.—Effect of intravenous injection of Evans blue solution in a rabbit. 


TABLE II 


CHANGES IN OUTPUT AFTER INJECTION OF EVANS BLUE 





| 


Total Volume 1 per | 
cent. Evans Blue 


Changes in Output (expressed as Percentage of Initial Level) 





Injected 
(ml.) 


Red 


Cyan 


Orange 





0 


100 


100 


100 





97 


99 


93 





89 


99 


75 





84 


99 


66 








76 





100 


53 








(c) Changes in Oxygen Saturation: Human Subjects —Figs 20 to 22 are 
recordings taken from the eye using two-colour filters only, the third channel 
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Fic. 21.—Effect of apnoea after deep 
breathing in a human subject (A.L.) 
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Fic. 22.—Effect of apnoea after deep breathing in a 


human subject (J.G.). 
Vertical lines in this figure mark off intervals of 30 sec. 
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of the recorder being connected to a conventional ear-oximeter. Tiie 
tracings show the changes which occurred during apnoea following a shcrt 
period of deep breathing. During deep breathing the lower tracing shows 
a small increase in oxygen saturation of the blood in the ear and a rapid 
fall in oxygenation during apnoea. (Although an accurate calibration was 
not done, this change as read on the instrument was of the order 10-15 per 
cent.) The middle tracing, which represents the cyan output from the eye, 
shows no consis:cnt change. During apnoea the red output falls but returns 
rapidly to its original level when normal breathing is resumed. It should 
be noted from the tracing that the red output from the eye reached its 
minimum at the same time as the lowest level of oxygen saturation as indi- 
cated by the ear-oximeter. Also the rates of fall and recovery of the red 
output from the eye, as indicated by the general shape of the curve, corre- 
spond closely with the tracing obtained from the ear-oximeter. 


Discussion 
It is obvious that there are considerable differences between conditions in 
the model which was used for the in vitro experiments and those in the 
living eye. Firstly, in the model laked blood (i.e. blood p.gments in homo- 
geneous solution) was used, whereas in the living choroid the blood pigments 
are contained in corpuscles circulating in vessels surrounded by other tissues 
both pigmented and non-pigmented. Furthermore, a layer of diluted blood 


6:5 mm. thick was used in the model, whereas in the eye the whole blood 
in the choroid presents a much thinner film. Lastly, the light-scattering and 
light-absorbing properties of the media and other tissues in the living eye 
had no parallel in the model. From these considerations it is impossible 
to expect any exact quantitative relationships between the in vitro and in 
vivo experiments, but nevertheless it is reasonable to assume that the general 
trend of changes would be similar. Table III (opposite) summarizes the 
results and shows that the trends of the responses are in fact similar for each 
type of procedure whether conducted in vivo or in vitro. There is no absolute 
agreement between the results of the two types of experiment, but the 
greatest changes for a particular procedure occurred consistently with the 
same colour in vitro and in vivo. Further evidence that the responses 
recorded do in fact reflect changes in the blood in the choroid is forthcoming 
from a comparison of the record of the red output from the eye with the 
recording from the ear-oximeter in human subjects during deep breathing 
and apnoea; these show that during apnoea there is a fall in the red output 
from the eye which follows the same course in time as the degree of de- 
oxygenation indicated by the ear-oximeter. 

The results so far obtained show that the apparatus is capable of detecting 
changes in the amount and oxygenation of blood in the choroid, and we 
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TABLE III 
SUMMARY OF RESULTS 
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propose to employ this technique to study the effect of changes in intra- 
ocular pressure on the choroidal circulation. 


Summary 

(1) It is probable that an impairment of the circulation of blood within 
the eye caused by a rise in intra-ocular pressure is partly responsible for the 
loss of visual function in glaucoma. 

(2) An apparatus was designed to measure photoelectrically the amounts 
of light of different colours reflected by the fundus oculi. By choosing suit- 
able colours it was possible to assess changes in the thickness of the blood 
film and in its oxygenation, together with alterations in the concentration 
of a dye injected into the blood stream. 

(3) Experiments were carried out in vitro using a “model” eye in which 
the concentration and oxygenation of laked blood were varied. Further 
tests were done adding known amounts of Evans blue solution to blood. 

(4) Experiments were carried out in vivo on rabbits in which the amount 
and colour of blood in the choroid was altered by carotid occlusion, cervical 
sympathetic stimulation, changes in intra-ocular pressure, intravenous 
injection of Evans blue, etc. 
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(5) Experiments were also done on human subjects in which it was shown 
that artificially induced changes in intra-ocular pressure resulted in altera- 
tions detectable by the apparatus. Furthermore, during a period of apnoea 
following deep breathing, the apparatus registered changes from the eye 
which followed the same course in time as the degree of oxygenation indi- 
cated by a conventional oximeter placed on the ear. 


(6) The results in vitro and in vivo prove that the apparatus responds to 
changes in the amount and oxygenation of choroidal blood and suggest 


that it may provide a means of studying the condition of the blood-supply 
in the posterior segment of the eye. 


Part of the expenses of this work was supported by a grant from the Pigott Wernher Trust 
Fund. 
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THE EYE IN DYSTROPHIA MYOTONICA* 
WITH A REPORT ON ELECTROMYOGRAPHY OF THE EXTRA-OCULAR 
MUSCLES 
BY 
SIDNEY I. DAVIDSONT 
Midland Centre for Neurosurgery, Smethwick, Birmingham 


THOMSEN’S disease (myotonia congenita), dystrophia myotonica (myotonia 
atrophica), and paramyotonia are characterized by the presence of myotonia. 
As an isolated symptom, myotonia had already been described by Benedikt 
(1874) and Leyden (1874) when Thomsen (1876) published his paper 
(following the refusal by the Prussian army medical officers of a certificate 
of the disease in one of his sons), tracing the occurrence of myotonia in his 
family back to 1742. Erb (1886) established the clinical, electrical, and 
histological characteristics of the combination of congenital myotonia and 
muscular hypertrophy which became known as Thomsen’s disease. It soon 
became apparent that in many cases the myotonia of Thomsen’s disease 
might be associated with atrophy of the facial muscles, the muscles of 
mastication, the sternomastoids, the forearm muscles, and, less often, the 
vasti and peronei (Jolly, 1896; Hoffmann, 1900; Rossolimo, 1902; Pelz, 1907; 
Hunt, 1908; and others), and this led to the suggestion that such cases were 
distinct from those of Thomsen’s disease (Batten and Gibb, 1909; Steinert, 
1909) and were in fact examples of a specific condition, dystrophia myotonica. 
Steinert (1909) also emphasized the non-muscular dystrophic aspects of the 
disease—baldness, testicular atrophy with reduced potency, and acrocyanosis 
—and these were later elaborated by Curschmann (1912). The very rare 
disease of paramyotonia, in which the myotonia becomes apparent only in 
the cold, was described by Eulenburg (1886). 

Dystrophia myotonica occurs more frequently than the other diseases in 
the myotonic group and has a far worse prognosis on account of the 
dystrophic features. Indeed, a tendency to early death in families carrying 
dystrophia myotonica has repeatedly been noted (Bell, 1947). 


Ocular Signs in Dystrophia Myotonica 


In dystrophia myotonica, characteristic muscle groups are affected by the 
dystrophic process, viz. the facial muscles including the muscles of mastica- 
tion, the sternomastoid muscles, the muscles of the forearm and hand, and, 
later, the extensors of the knee and dorsiflexors of the foot. These are not, 
however, the only muscles to atrophy, for as the disease progresses most of 
the skeletal muscle becomes dystrophic. The orbicularis oculi muscles in a 


* Received for publication April 12, 1960. ; 
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large proportion of cases are seriously affected and this results in infrequent 
blinking. This lagophthalmos may well explain the chronic conjunctival 
injection, often described as “‘ blepharo-conjunctivitis”, from which many of 
these patients suffer (e.g., see Waring, Ravin, and Walker, 1940) and the 
occasional occurrence of keratitis (Birnbacher, 1927; Walsh, 1957). This 
chronic conjunctival irritation was present in eight of the ten patients 
examined electromyographically (vide infra). Moreover, the “increase in 
lacrimal secretion” described in patients with dystrophia myotonica (Ortleb, 
1912; Hauptmann, 1916) may in fact be an epiphora resulting from the loss 
of tone in the dystrophic orbicularis oculi muscles which are unable to 
maintain the lower lid in contact with the globe. As is well known, the 
levator palpebrae superioris muscles are frequently affected by the dystrophic 
process, and this results in ptosis (enhanced by the concomitant enoph- 
thalmos), the lids becoming paper thin. Electromyography of the levators 
(vide infra) has confirmed the dystrophic nature of the wasting. 

There is no doubt that enophthalmos is a common finding in dystrophia 
myotonica and deserves greater attention. Indeed, enophthalmos was found 
in nine out of ten patients personally observed (vide infra). Thomasen 
(1948) recorded enophthalmos as being ‘“‘an almost invariable symptom” 
and suggested that it might be related to endocrine dysfunction. In a paper 
on the involvement of the heart in dystrophia myotonica, Fisch (1951) 
described five patients with abnormal electrocardiograms, all of whom had 
enophthalmos. That the sign is not related to muscle dystrophy or state 
of nutrition is borne out by its presence in patients with minimal muscle 
dystrophy and good nutrition. The commonly-found ptosis, together with 
the subsequent wasting of the dystrophic levator palpebrae superioris 
muscles, is made worse by the enophthalmos. 

E. Brand (1950) reported the occurrence of low intra-ocular pressure in a 
case of dystrophia myotonica. This observation was followed by the examina- 
tion of twelve cases of dystrophia myotonica, three cases of Thomsen’s 
disease, and four cases of myotonia of doubtful classification (I. Brand, 
1955). The cases of dystrophia myotonica all showed a lowered intra- 
ocular pressure, whereas the tension in the cases of Thomsen’s disease was 
normal or near normal. The low intra-ocular pressure in the cases of 
dystrophia myotonica was attributed to “a functional disturbance of the 
centre in the hypothalamus that controls intra-ocular pressure’’. It was 
suggested that intra-ocular hypotonia was an early diagnostic sign by which 
dystrophia myotonica might be differentiated from Thomsen’s disease when 
muscular atrophy had not yet developed and myotonia was the only common 
symptom. 

A case of dystrophia myotonica with bilateral cataracts where the lower 
part of the corneae showed a few delicate opacities was reported by Maillard 
(1926); five weeks after extraction of the cataracts, bullae appeared in the 
epithelium of the cornea of the right eye together with an increase of the 
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grey-white opacities. Corneal sensation was diminished. Similar grey 
opacities and epithelial damage were found in the left cornea. After 3 
months there was no further change, the condition being symptomless. 
Maillard thought this to be a trophic lesion, localized to the cornea, and 
made worse by operation. Birnbacher (1927) described a case of dystrophia 
myotonica in which irregularity of the corneal epithelium was found, the 
stroma being uninvolved. The endothelium was not seen because of the 
epithelial changes. There was infrequent blinking and diminished corneal 
sensation, the epithelial disturbance being most marked in the palpebral 
fissure. Birnbacher considered this to be an epithelial dystrophy arising 
from a trophic disturbance due to involvement of the fifth nerve in dystrophia 
myotonica. It would, however, seem that the condition described could be 
better explained on the basis of xerosis resulting from the lagophthalmos. 


The occurrence of abnormal pupillary reactions in dystrophia myotonica 
has been reviewed by Maas and Paterson (1947), and would appear to be 
more than coincidental. The most interesting of the abnormalities, which 
varied greatly, was a myotonic reaction. If this is due to involvement of 
the sphincter iridis in the disease process, it is the only example of smooth 
muscle being affected. 


Bartels (1906) had described the coincident occurrence of cataract with 
myotonia and muscular dystrophy in a family, thinking the lens changes 
were somehow related to tetany, but it was Greenfield (1911) who showed 
that the association of cataract with dystrophia myotonica was not fortuitous. 
In the family he described, cataract appeared at an earlier age in successive 
generations until finally dystrophia myotonica became manifest—that is to 
say anticipation occurred. This progressive inheritance is also accompanied 
by an increase in the severity of the disease in succeeding generations, 
ie. potentiation (Adie and Greenfield, 1923; Ravin and Waring, 1939). 
Fleischer (1918, 1922), Vogt (1921), and Adie (1924), amongst others, soon 
confirmed Greenfield’s findings. The characteristic lenticular opacities, as 
seen with the slit-lamp, are white dust-like subcapsular opacities associated 
with refractile iridescent particles that appear red, green, and blue. Cortical 
changes, starting at the posterior pole, appear later, and result in a stellate 
cataract which may not progress and is symptomless. Later the lens may 
become opaque, resulting in a senile cataract (Goulden, 1928; Gifford, 
Bennett, and Fairchild, 1929; Caughey, 1933). All of the ten patients 
examined electromyographically (vide infra) showed subcapsular iridescent 
particles. 


Optic atrophy occurring in dystrophia myotonica was first noted by 
Lohlein (1914), the right disc in his case being pale yellow and atrophic with 
indistinct edges. This was associated with a nasal depression of the 
peripheral isopters and an arcuate scotoma of nerve-fibre bundle type ex- 
tending downwards from the blind spot. The left field of vision after 
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cataract extraction showed a concentric contraction. Hauptmann (19:3) 
reported a further case in which he found pallor of the disc but the visiial 
fields were not recorded. Three of the fifteen cases of dystrophia myotonica 
detailed by Heine (1925) had abnormally pale discs, and one of these three 
patients, in whom there was temporal pallor, had a central scotoma. 

The concurrence of dystrophia myotonica and retinitis pigmentosa was 
observed in a single case by Godtfredsen (1949), who thought that this might 
be an entity linked to the heredo-degenerative abiotrophic disorders of the 
central nervous system. Bilateral macular degeneration has been described 
in a patient with dystrophia myotonica (Verrey, 1947), but the two con- 
ditions were probably unrelated. Disturbances of development, such as 
microphthalmos, coloboma of the choroid and retina, and ‘congenital 
amaurosis”, have been reported (Babellis Gorina and de Gispert Cruz, 
1948). 


Electromyography of the Extra-Ocular Muscles in Dystrophia Myotonica 


Methods.—Ten patients with dystrophia myotonica, confirmed by muscle 
biopsy and electromyography of limb muscles, were examined. After 
topical anaesthesia, concentric needle electrodes (No. 30 gauge) were inserted 
into the levator palpebrae superioris through the skin of the upper lid in all 
cases, and transconjunctivally into the muscle bellies of the horizontal recti 
in seven cases. Insertion and action potentials were recorded at rest and 
on attempted movement on a “ Medelec” single channel electromyograph 
recorder, and were photographed with a “Cossor”’ oscillograph camera. 
Some potentials were recorded on a magnetic memory and subsequently 
analysed. 


Findings.—As was to be expected, a direct correlation was found between 
the degree of ptosis and the amplitude of the action potentials (Figs 1 and 2). 


Fic. 1.—Electromyogram of leva- 
tor palpebrae superioris on up- 
ward gaze. Minimal ptosis. 
In this and the following figures 
calibration equals 100 pv and time 
is measured in milliseconds. 
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Fic. 2.—Electromyogram of levator B 
palpebrae superioris on upward 
gaze. Father of patient shown in 

Fig. 1. Gross ptosis. 


Compare Trace A which is to the 
same scale as Fig. 1. As the gains Cc 
are increased (Traces B and C), ab- 
normally short-duration low-voltage 
potentials become apparent. 





It was also noted that the characteristic high-frequency discharge (so called 
“dive-bomber” sound) of dystrophia myotonica was easily provoked in 
seven cases by moving the electrode in the levators (Fig. 3). 


Fic. 3.—Insertion potentials obtain- 
ed from levator palpebrae super- 
ioris—‘‘ dive-bomber”’ effect. 





A curious feature of the traces obtained from the levator palpebrae 
superioris muscles was the notched appearance of many of the action poten- 
tials (Fig. 4, overleaf). That this may be an early stage in the disintegra- 
tion of the action potentials is suggested by its occurrence in early stages 
of metabolically determined and presumably reversible myopathies, such as 
that accompanying thyrotoxicosis (Hed, Kirstein, and Lundmark, 1958; 
Woolf, 1960). 
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Fic. 4.—Electromyogram of leva- 
tor palpebrae superioris. Note 
notched appearance of action 
potentials. 


It is difficult to recognize polyphasic potentials in ocular electromyograms 
because of the fullness of the interference pattern on minimal effort. How- 
ever, in one case, such potentials 
were unusually prominent both 
because of the degree of poly- 
phasicity and because of the 
long duration (Fig. 5). 


Fic. 5.—Trace A shows several poly- 
phasic potentials. Trace B, faster scan, 
analyses one polyphasic potential of 6 
msec. duration. 


The horizontal recti were examined in seven patients and in five of them 
abnormal electromyograms were obtained. This is of particular interest as 
these muscles showed no abnormality on clinical examination. The “dive 
bomber” effect was obtained from four patients (Fig. 6) and analysis of the 
potentials showed them to be of less than one millisecond duration (Fig. 7), 
the normal being one to two milliseconds, and of an amplitude which not 
infrequently exceeded that of the action potentials. The amplitude of the 
latter, as obtained from the medial and lateral recti, were usually within 
normal limits in contrast to the low potentials obtained from the levators 
(Fig. 8a, b, overleaf). In some cases the frequency of the potentials, as well 
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Fic. 6.—Electromyogram of later- 
al rectus, showing characteristic 


high-frequency discharges. 


Fic. 7.—Faster scan of potentials obtained in 
Fig. 6. 


as their short duration, suggested that there had been a fragmentation of the 
motor unit action potentials, such as is characteristically seen in traces from 
the limb muscles in cases of muscular dystrophy (Fig. 8b, overleaf). 


One of the cases examined warrants a detailed description: 


A boy aged 15 years, of poor intellect, complained that his muscles had been weak 
and wasted “‘for a long time”. Drooping of his lids had been present since age 13 and 
his eyes had been immobile during the last 18 months. Examination revealed a youth 
with marked wasting of all the skeletal muscles (poor power and tone difficult to evaluate), 
Hutchinsonian facies, and perspiring profusely. There was a small testis in the scrotum, 
the other being undescended and impalpable in the inguinal canal. Bilateral ptosis was 
associated with an external ophthalmoplegia, the pupillary reactions being normal. The 
fundi were normal and there was some weakness of the orbicularis oculi muscles. _ Slit- 
lamp examination showed slight posterior cortical changes with a few subcapsular 
iridescent particles. Electromyography of the horizontal recti yielded high-frequency 
potentials (Fig. 9A, overleaf), the characteristic ‘‘dive-bomber”’ sound effect being 
obtained from no other muscles in the body. Biopsy of a forearm muscle gave histological 
confirmation of the diagnosis of dystrophia myotonica. 
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Fic. 8a.—Levator palpebrae super- 
ioris. 


Fic. 8b.—Lateral rectus. 


While the ocular muscles in all the cases of dystrophia myotonica men- 
tioned above yielded electromyographic changes similar to those encountered 
in the limb muscles in this disease, it was only possible in this one case to 
demonstrate in the ocular muscles the myotonia, i.e. continued activity after 
cessation of volitional effort. This was in fact the only case showing 
myotonia clinically—the patient was unable to relax the recti on attempted 
lateral deviation. This failure of relaxation was associated with electromyo- 
graphic evidence of continued firing of motor units instead of the electrical 
silence usually present under these circumstances (Fig. 9C, opposite). The 
firing, however, was not very marked. 


Our only case of Thomsen’s disease differed strikingly from the cases of 
dystrophia myotonica, not only in the absence of ptosis, but also in the 
prominence of the motor unit discharge observed electromyographically in 
the levator palpebrae superioris on looking down (Fig. 10, opposite). This 
phenomenon was not accompanied by definite lid-lag. 
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Fic. 9.—Electromyogram of 
medial rectus in a male patient 
aged 15 years. A 

(A) Medial gaze. 

(B) Gaze straight ahead. 

(C) Lateral gaze. 


Fic. 10.—Electromyogram 
of levator palpebrae super- 
ioris in a case of Thomsen’s 
disease. 


Trace A (left to right). 
Normal flat base line of 
electrical silence, action 
potentials on gaze up, 
calibration 100 pv. 


Trace B. Continued activ- 
ity on gaze down when 
there should be a flat base 
line as in first part of Trace 
A. 


Histology of the Extra-Ocular Muscles in Dystrophia Myotonica 

In spite of the frequency of ptosis as a sign in dystrophia myotonica, a 
survey of most of the autopsies in the literature (Steinert, 1909; Hoffmann, 
1919; Fischer, 1920; Hitzenberger, 1920; Bramwell, 1922; Adie and Green- 
field, 1923; Weil and Keschner, 1927; Guillain, Bertrand, and Rouqués, 1932; 
Keschner and Davison, 1933; Gonzalez Segura and Lanari, 1941; Aranovich, 
1946; Black and Ravin, 1947; Benda and Bixby, 1947; Nadler, Steiger, 
Troncelleti, and Durant, 1950; den Hartog Jager, 1951; Fisch and Evans, 
1954) reveals only a single histological study of an extra-ocular muscle, 
namely that of Wohlfart (1951), who examined the levator palpebrae 
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superioris. He noted “accumulations and rows of nuclei in some fibies 
and a few scattered hypertrophic fibres with large vacuoles or a central 
hollow”. On the only occasion that the globe was examined (Vos, 1930), 
atrophy of the ciliary body was found, and this may be the explanation of 
the low intra-ocular pressure observed by Brand (1955). 

The following histological description of muscle obtained post mortem 
from a patient who had suffered from dystrophia myotonica with myotonia 
of the forearm and leg, together with atrophy of the sternomastoids, forearm 
muscles, vasti, and peronei, was given by Dr. A. L. Woolf. 


HISTOLOGY 


Sternomastoid.—Very few muscle fibres remain and these show great variation in 
diameter without any grouping according to size. There is some slight increase in 


interstitial, fibrous, and fatty tissue. 

Vastus internus.—A minority of the muscle fibres show prominent trains of 
rectangular, centrally-placed nuclei. There are occasional slender muscle fibres but 
these are quite exceptional. 

Peroneus.—Chains of nuclei are very conspicuous and some of these show fusion 
of the nuclei. Some of the laterally placed sarcolemmal nuclei are also fused. Atrophy 
of muscle fibres is more pronounced though not severe. There are also some Ringbinden. 

Levator palpebrae superioris.—Occasional muscle fibres show centrally-placed lines 
of nuclei which have fused into one another. There are also slightly more frequent lines of 
fused nuclei within very slender muscle fibres, the small size of which makes it impossible 
to determine whether they originally had a central or peripheral position (Fig. 11, opposite). 

Superior rectus—There are many muscle fibres with centrally-placed, but often 
quite widely-separated, nuclei, which are elongated and approximately rectangular. 
Some of the nuclei are large and almost devoid of chromatin. Some of these muscles 
have very little striation and considerable quantities of lipo-fuchsin. There are also areas 
of proliferation of the interstitial cells, probably fibroblasts, with an occasional myophage. 


External rectus.—No abnormal features noted. 
Internal rectus.—Occasional muscle fibres show centrally-placed elongated nuclei. 
Superior oblique.—Again occasional muscle fibres show centrally-placed elongated 


nuclei and very occasionally there are groups of fused sarcolemmal nuclei. There is one 
focus of lymphocytic infiltration (Fig. 12, opposite). 


It will be seen that the histological changes in the extra-ocular muscles 
are very slight. In view of the fact that striking electromyographic abnor- 
malities were observed in the traces from the extra-ocular muscles in all the 
cases studied, it would seem reasonable to suggest tentatively that the 
changes demonstrable electrically precede histological evidence of dystrophy. 

Discussion 

In dystrophia myotonica, the localization of the myotonia often differs 
from that of the dystrophy. For example, myotonia is most commonly 
apparent in the forearm muscles whereas dystrophy is most pronounced in 


the facial and sternomastoid muscles. Myotonia is rarely present in the 
facial muscles in dystrophia myotonica but is commonly found there in 





sion 
ophy 
nden. 
lines 


es of 
sible 


site). 
often 


ular. 
iscles 


areas 
hage. 


ei. 


THE EYE IN DYSTROPHIA MYOTONICA 


Fic. 11.—Levator palpebrae superioris. Haematoxylin andeosin. x 140. 


Fic. 12.—Superior oblique. Haematoxylin and eosin. 


Thomsen’s disease, especially in the orbicularis oculi, when it results in an 
inability to open the eyes after forcible closure of the lids. The extra-ocular 
muscles are often involved in the myotonic process in Thomsen’s disease and 
this results in lid-lag (see Sedgwick, 1910, who traced this sign through five 
generations in a family with Thomsen’s disease), squint, and diplopia, 


especially on moving the eyes suddenly (Jacoby, 1887; Raymond, 1891; 
13 
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Meara, 1905; Toomey, 1916; Thomasen, 1948). It is of interest that we 
were able to demonstrate this myotonic failure of relaxation in the levator 
palpebrae superioris (see Fig. 10) in the absence of obvious lid-lag. 

There have been very few reports of extra-ocular muscle involvement in 
dystrophia myotonica. Verbiest (1937) reported a case of dystrophia 
myotonica in which convergence resulted in a myotonic reaction in the 
medial recti together with pupillary contraction, citing this as evidence of a 
convergence centre and of a central origin for the myotonia. In support of 
their contention that Thomsen’s disease represents an early stage of dys- 
trophia myotonica, Maas and Paterson (1939) reported two patients who, 
besides showing myotonic and dystrophic signs in the limbs, had difficulty 
in moving their eyes quickly, which in one of them resulted in double vision 
and squint. Verrey’s case (vide supra) showed limitation of extra- 
ocular muscle movement, most marked at the extremes of age. Walton and 
Nattrass (1954), in an important paper, cited a further patient who, at the 
age of 12 years, showed generalized muscular hypertrophy and myotonia 
typical of Thomsen’s disease. By age 24, she still showed muscular hyper- 
trophy and severe myotonia in the limbs and trunk with no wasting of 
the limb muscles. There was, however, some wasting of both sterno- 
mastoids, slight facial weakness, impairment of ocular movements in all 
directions (in addition to a concomitant strabismus), and bilateral early 
cataracts; that is to say that she had developed features of dystrophia 
myotonica. These authors thought that their case supported the sug- 
gestion of Maas and Paterson (1939, 1950) that dystrophia myotonica 
and Thomsen’s disease are different manifestations of the same disease. 
Walton and Nattrass (1954) had also examined fifteen patients with dys- 
trophia myotonica, fourteen of whom had ptosis. Six of their patients had 
symmetrical involvement of the extra-ocular muscles; three of them had only 
a few degrees of ocular movement in any direction, while similar but less 
severe impairment was apparent in the others. 

It has been shown that the electrical phenomena accompanying myotonia 
are the same in both dystrophia myotonica and Thomsen’s disease (Buchthal 
and Clemmesen, 1941), and in dystrophia myotonica Thomasen (1948) 
demonstrated these phenomena in muscles without active or mechanical 
myotonia, thus indicating a more extensive lesion than was apparent clini- 
cally. Our electromyographic studies of the extra-ocular muscles in 
dystrophia myotonica have confirmed the involvement of the levator palpe- 
brae superioris and have shown an undoubted abnormality of the horizontal 
recti. It is well known that slight movements do not usually elicit myotonia, 
so that blinking, and the movements of facial expression, etc., are not 
impeded, whereas strong closure of the eyes or clenching of the fist will be 
followed by a long delay in relaxation (Adams, Denny-Brown, and Pearson, 
1953). Moreover, relaxation of the myotonia becomes more rapid with 
repetition of the movement. This may be the explanation of the compara- 
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tive rarity with which myotonia has been clinically demonstrated in the 
extra-ocular muscles in dystrophia myotonica, since their continual fine, 
saccadic, and searching movements presumably prevent the myotonia from 
disturbing their smooth action. (This is borne out by the patient reported 
by Hirschfeld (1911) who, after waking in the morning, saw everything 
double for 3 to 5 minutes). The relatively frequent occurrence of extra- 
ocular muscle involvement in Thomsen’s disease provides a contrast of great 
interest but still lacks an explanation. 

In dystrophia myotonica, the myotonia is regularly followed within a few 
years by atrophy, and in cases in which limitation of ocular movement 
develops after the disease has been in progress for several years and in which 
atrophy is already present in the limb muscles (see Maas and Paterson, 1939; 
Walton and Nattrass, 1954), it is possible that the basis of the limited ocular 
movement is dystrophic rather than myotonic, as is certainly the case with 
the lids. 

The report of Walton and Nattrass (1954) shows that involvement of the 
ocular muscles in dystrophia myotonica is much more frequent than has 
formerly been observed, and our own findings go further in suggesting that, 
if electromyography is carried out, the extra-ocular muscles will be found 
to be involved in the majority of cases of this disease. 


Summary 


The ocular signs in dystrophia myotonica are reviewed. 

Electromyography of the extra-ocular muscles yielded abnormal and 
characteristic traces in each of ten patients suffering from this disease. 

The histological findings in the extra-ocular muscles in a case of dystrophia 
myotonica are reported. 


I should like to express my gratitude to Dr. A. L. Woolf for his help and advice, and to Mr. M. J. 
Roper-Hall for his interest and encouragement. My thanks are also due to Dr. E. R. Bickerstaff, 
Dr. J. MacDonald Holmes, Dr. E. C. Hutchinson, and Mr. I. Lloyd Johnstone for allowing me 
to examine their patients. 
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CATARACT EXTRACTION WITH 
ALPHA-CHYMOTRYPSIN* 
A CONTROLLED TRIAL 


BY 


J. GIBSON MOORE 
Edgware, Chase Farm, and Bolingbroke Hospitals 


IT seemed necessary to verify, by a controlled trial, the reported action of 
alpha-chymotrypsin in loosening the suspensary ligament and facilitating the 
operation of intracapsular extraction. Many authors have praised the use 
of this enzyme and given clinical impressions of its value, but in none of these 
series have controls been used. 


Trial Procedure 


First fifty intracapsular extractions were performed in an uncontrolled series so 
that the operator should become thoroughly familiar with the technique. 

In order to make a true assessment fifty ampoules were prepared by the hospital 
pharmacist with their accompanying ampoule of diluent, and these were numbered 
1 to 50. Some of the ampoules contained active A.C.T. and the others an inert 
substance. The numbered labels were so wrapped round that it was impossible 
to see into the ampoule and there was no way of knowing whether an active or 
inert substance was introduced into the eye. Case notes were made after each 
operation and the key was kept in a sealed envelope and not referred to until the 
end of the complete series. 

All cases were operated upon under general anaesthesia, and the section was a 
small von Graefe section enlarged with scissors without a conjunctival flap. One 
pre-placed groove suture and four post-placed sutures were inserted. After the 
introduction of the unknown solution and the recommended wait of 3 minutes, 
the iris was fully retracted under the raised cornea and the lens grasped 
tangentially at 12 o’clock as near as possible to the equator with Arruga’s 
forceps under direct vision. 


Using this method of direct application it was possible to assess at once 
whether the lens was free and whether the solution in the ampoule was inert 
or otherwise. 

Forward presentation of the lens has been suggested as an invariable 
factor after the introduction of A.C.T. but this was not my experience and 
the appearance of the lens showed no alteration. On a few occasions there 
was some difficulty in getting the forceps to grip as the capsule seemed tense. 





* Received for publication June 21, 1960. 
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In these cases the small hand erisophake ascribed to Dastoor proved to be a 
most valuable instrument, and with either it or the forceps the percentage of 
successful intracapsular extractions can be raised to a very high figure indeed. 
The mechanical erisophake was not employed and, indeed, its use would not 
appear necessary. 

If the lens was not freely mobile the following plan was adopted: 

(1) An attempt was made to remove the lens by the usual sliding method but 
this was not pursued if there seemed to be any difficulty. 

(2) A second introduction of A.C.T. (known to be good and not obtained from 
the trial series) was made and the 12 o’clock grasp was repeated. 

(3) If (2) failed the lens was removed by the tumbling method by grasping at 
6 o’clock. 


In two cases the lens had to be removed extracapsularly. 

The Verhoeff sliding technique was used in all the successful cases. The 
method may not be ideal as a routine but it seems to be the best when A.C.T. 
is used and it provides a perfect method of assessing the strength of the zonule 
as the whole procedure can be viewed by direct inspection under the cornea. 

In no case was external pressure applied either below or above during the 
trial. If the lens was not completely free it was considered that the solution 
had failed to act. External pressure would have undoubtedly increased 
the number of successes but would have biased the results. 


Results 


These are significant in that they show that A.C.T. has a definite action in 
freeing the lens and aiding extraction in most cases, but there was a proportion 
of exceptions (Table, opposite). The results may be classified in five groups: 


(1) Active A.C.T. yielding a good result (G).—There were 28 of these, a success 
rate of 28 out of 32 (82 per cent.). 

(2) Inactive substance yielding a poor result (B with O).—There were 10 of these, 
and it might be reasonable to add the three uncertain cases (U with O), which gives 
a total of thirteen out of eighteen. 


This means that, if (1) and (2) are taken together, 41 cases out of 50 behaved 
as might be expected, the use or non-use of the active substance being correctly 


detected. 
Further consideration must be given to those cases in which substance 


used was not recognized: 
(3) Active A.C.T. yielding a poor result (B alone).—Two cases. 


One of these patients (Case 13) was a male diabetic aged 34. The lens was quite 
immobile and the capsule ruptured at 12 o’clock but was removed extracapsularly. 
The other (Case 15) was aged 73, and again the lens appeared to be immobile. 
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Each case was recorded immediately after operation as follows: 
G Easy extraction—lens well dislocated and removed freely without undue traction. 
Uncertain—difficult to judge whether lens was free but still removed in capsule. 


Lens not free. 
Inert substance introduced (18 cases). This factor was not discovered until the whole 


trial had been completed. 


(4) Inactive substance yielding a poor result (G with O).—Five cases. These 
patients were aged 84, 71, 87, 84, and 68 years respectively, and it is clear that all 
those in the higher age group (except the last) show what would be expected, 
i.e. that the zonule is often quite free in old people. 


(5) Active A.C.T. yielding uncertain results (U alone).—Two cases. 


One of these patients (Case 1) was aged 56 and although the lens was extracted 
in capsule there was a slight vitreous loss. There was extreme bulging of the lens 
without any obvious pressure on the eye. This type of case is occasionally met 
with and usually does better if the lens is extracted extracapsularly. 

The other (Case 48) was of some interest. The lens appeared quite fixed, and 
after the second introduction of A.C.T. from a source known to be active there 
was no alteration and the lens was still quite immobile. This was the only case 
which required a deliberate extracapsular extraction. The patient’s age was 73, 
and one might have expected to find a free capsule. 


Age.—The fifty patients fell into the following age groups: 30-39 years 
one case (No. 13, see Group 3 above), 40-49 years one case (No. 38, see 
Group 2 above), 50-59 years four cases, 60-69 years eight cases, 70-79 years 





200 J. GIBSON MOORE 


22 cases, 80-89 years fourteen cases. Those in the lower age groups requice 
separate consideration: 

Case 13 the male diabetic aged 35, showed good mydriasis. The lens was not 
free and the capsule ruptured at 12 o’clock, so that an extracapsular extraction was 
required. In this case the use of A.C.T. was a failure. 

Case 38 was a woman aged 43. The introduction of the inert substance resulied 
in an immobile lens, but the subsequent introduction of A.C.T. known to be 
active resulted in a free and easy removal. 


The results in the next age group 50-59 years are of little value as regards 
age assessment as they were probably all of the “senile”’ type. 


Conclusion 


Alpha-chymotrypsin has a useful action in freeing the lens and it increases 
the proportion of successful intracapsular extractions. Its action does not 
appear, however, to be absolutely constant. Out of 32 cases when the active 
substance was used there were two in which the lens did not become free, 
and out of eighteen in which the inert substance was used five gave a good 
result. (Four of the five, however, were very old people.) 


Complications 


Hill (1959) described a case of post-operative corneal oedema and 
vascularization, but no such case was seen in this series. 

Barraquer (1959) described failure of wound healing with a tendency to 
subconjunctival filtration and striate keratitis. This series included two 
cases in which a small, pin-point bleb occurred, but it seemed to be due to a 
poorly-placed stitch. 

There was also one case of severe and one of minor iris prolapse, and four 
cases of hyphaema which cleared up quickly. 

This gave a rather higher proportion of complications than usual and, as 
Barraquer suggests, there may be some factor in A.C.T. which delays wound 
healing. Striate keratitis was also very common. It will, however, be 
noted that this trial involved a number of unnecessary intra-ocular 
manoeuvres, and in each case the keratitis cleared rapidly without ill effects. 

In other words, if careful wound suturing is employed, the complications 
of using A.C.T. are extremely rare. 


Summary 


After an uncontrolled series of fifty cases using alpha-chymotrypsin 
(A.C.T.) in cataract extraction, a further series of fifty cases was treated 
with A.C.T. (32 cases) and an inert substance (18 cases). It was not known 
until the end of the trial which ampoules contained A.C.T. and which the 
inert substance. 
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The active substance was rightly detected in 28 out of 32 cases and the 
inert substance in thirteen out of eighteen cases (an accuracy rate of 82 per 
cent.). It was disappointing that in the only two patients under 50 years of 
age the efficacy of A.C.T. was uncertain. 

Hyphaema occurred in four cases but cleared rapidly. There was one 
severe iris prolapse, and striate keratitis was common but cleared up rapidly. 

This controlled trial shows that A.C.T. is a useful agent in intracapsular 
cataract extraction. 


I am indebted to Mr. J. Soulsby, F.P.S., Group Pharmacist, for his help during this trial. 
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ELECTROCHEMICAL CHANGES ASSOCIATED WITH 
THE FORMATION OF THE AQUEOUS HUMOUR* 
BY 


D. F. COLE 


Ophthalmological Research Unit (Medical Research Council), Institute of Ophthalmology, 
University of London 


Ir it is granted that the aqueous humour is formed by the active transfer of 
solutes and solvent from the plasma to the aqueous, it follows that the rates 
of transfer of the various solvent or solute species and the steady-state 
composition of the aqueous will depend upon the electrochemical potential 
difference (P.D.) across its boundaries with the plasma. Alterations of the 
electrochemical P.D. should modify the transfer processes from blood to 
aqueous and, conversely, metabolic inhibitors which affect aqueous humour 
formation are likely to alter the electrochemical P.D. Thus, the electro- 
chemical P.D. between two solutions in a common solvent separated by a 
membrane is: 
Apj;=RT. ine) +2F.E, 
(4; 

where Aji; is the electrochemical P.D. of the jth ion, R the gas constant, 
T the absolute temperature, a, the chemical activity of j in the outside 
solution, a; the chemical activity of j in the inside solution, z the valency of 
the ion, F Faraday’s number, and E the electrical P.D. between the two 
solutions. The passive flux ratio (Mj,/Moy,) for a given ion is related to the 
electrochemical P.D. of the ion across the membrane by the expression: 


RT. In(Min/Mout) =Ap,; 
where M,,, is the inward and M,,, the outward flux of the jth ion in »M/min. 
(Ussing, 1949, 1960). Both these equations contain either implicitly or 
explicitly an expression for the electrical P.D. across the membrane, in this 
case the blood—aqueous barrier. 

The object of the present work has been to make some preliminary studies 
of the electrical phenomena associated with aqueous humour formation and 
in particular: 

(a) the action of metabolic inhibitors on aqueous flow and blood-aqueous P.D. 

(b) the electric current flow across the blood-aqueous barrier at zero P.D. 


(Ussing and Zerahn, 1951) 
(c) the action of an imposed electromotive force (E.M.F.) from an external 


source upon aqueous flow. 
_ Technique 
Collection of Effiluent.—Using a technique described in an earlier publica- 
tion (Cole, 1960b), aqueous humour was collected continuously under 4 
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pressure of 20 mm. Hg from eyes in which the drainage channels had been 
obstructed. 


Blood—Aqueous P.D.—The P.D.was measured between two electrodes, the 
one inserted in the marginal ear vein and the other with its tip situated in 
the posterior chamber of the eye. Both electrodes were made from glass 
tubes with an outside diameter of 2-5 mm. drawn down at one end to a fine 
point of about 0-1 mm. O.D. These electrodes were filled with 1 per cent. 
agar in 0-9 per cent. saline and were stored in 0-9 per cent. saline before use. 
Contact between the capillary electrodes and calomel electrodes was estab- 
lished by means of 12 to 18 in. of flexible “‘ Portex” tubing (Portland Plastics 
Ltd., Hythe, Kent) containing 3M potassium chloride, and the overall 
resistance of each electrode was of the order of 100 K2. Potentials were 
measured with a Model 33B “‘ Vibron” Electrometer (Electronic Instruments 
Ltd., Richmond, Surrey, England), the output of which was fed to a pen- 
recorder (Milliammeter Recorder, 5G/284 Type A, Evershed and Vignoles 
Ltd., Chiswick, London) through a simple transistor amplifier. The input 
impedance of the “Vibron” Electrometer was 101322. 

Considerable care was necessary to insert the electrode into the posterior 
chamber. The glass capillary was coated with a thin layer of Vaseline down 
to 3 mm. from the tip. With the eye proptosed the superior rectus muscle 
was grasped with fixation forceps in the left hand whilst the point of the 
capillary was pressed with the right hand against the sclera just behind the 
limbus and close to the insertion of the rectus muscle. By increasing the 
pressure with the right hand and rotating the electrode about its long axis 
the tip usually penetrated the sclera without undue difficulty. The rectus 
muscle was then freed and the weight of the electrode and “Portex” tubing 
supported on a piece of cotton wool placed close to the animal’s head. 
A | cm. square of thin polythene sheeting was gently inserted between the 
shank of the capillary and the sclera and a dab of Vaseline applied at the 
point where the sclera was penetrated. The indifferent electrode had already 
been placed in the ear vein and measurement of the blood-aqueous P.D. 
could be commenced immediately. When the procedure had been carried 
out satisfactorily, a P.D. of 5-10 mV was usually obtained (aqueous positive 
to blood) without undue drift or “noise”. The use of Vaseline seemed to 
reduce the incidence of drift or other disturbances, presumably by preventing 
electrical leakage along the site of entry of the capillary. In some instances 
slight eye movements caused rapid changes of potential and occasionally 
there were slow oscillations of less than 0:2 mV, in phase with the animal’s 
respiratory movements. 

The chief difficulties encountered were fracture of the capillary during 


: insertion or subsequent haemorrhage into the aqueous. Fortunately 
neither of these mishaps could pass undetected and experiments in which 
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they occurred were abandoned. In all experiments the electrode capiliiry 
was placed in the posterior chamber before inserting the collecting necdle 


through the cornea. 


Short-circuit Current.—Current was passed between an electrode placed 
on the cornea after scratching the epithelium, and a second electrode usually 
placed in a leg vein or the rectum. 

The arrangement is shown diagrammatically in Fig. 1. The first electrode 
(D) made contact with the eye via a small polythene cylinder (C) containing 


electrocardiograph electrode paste and placed on the cornea. One of the 
electrodes (E) for recording the blood-aqueous P.D. was placed in the 


posterior chamber as already déscribed, the other was situated in the marginal 


Fic. Lae transverse section of eye showing positions of collecting needles and 
electrodes. 

A=Silicone _ MS/200/20 (Hopkin & Williams Ltd., London, England) obstructing drain- 

age angle. 

B=Effluent needle to collecting system. 

C=Polythene cylinder containing electrode paste situated on cornea. 

D =Current-measuring electrode (corresponding to X in Fig. 2). 

E =Potential-measuring electrode in posterior chamber (corresponding to A in Fig. 2). 
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ear vein and both were connected to the “‘ Vibron”’ electrometer as before. 
The current-measuring electrodes were constructed on the same principles 
as those used for the potential measurements, except that the tips were 
considerably wider. They were connected to calomel electrodes by means 
of 3M potassium chloride bridges. Current was obtained from a small 
dry cell through a potential divider, and a reversing switch and was measured 
with a moving-coil micro-ammeter (F.S.D. 150 A, 5” scale) in series with 
the electrodes, 

Before attempting any current measurements, a steady value for the 
blood-aqueous P.D. was obtained. After this the P.D. was determined for 
a series of steady currents, ranging from +140 to — 140 pA at intervals of 
20 uA. Over this range the current-voltage relationship was linear. 


Calculation.—Fig. 2 may be taken as a simplified equivalent circuit, with A 
and B representing the millivoltmeter electrodes, and X and Y the current 
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Fic. 2.—Equivalent electrical circuit illustrating method of calculating short-circuit current. 
pA Micro-ammeter measuring current in external circuit (=i »A) which passes between 
corneal electrode (X) and second current electrode (Y). 
R; Corneal resistance (=r; ohms). 
AandB Potential-measuring electrodes connected to millivoltmeter. 
R2 Resistance of blood—aqueous barrier (=r2 ohms). 
Source of electromotive force (E.M.F.) in blood—aqueous barrier. 
R; pal bs vies uveal vessels and potential electrode, B, situated in ear vein 
=r3 Onms). 
Ry Resistance between ear vein and second current electrode (=r4 ohms). 
Rs Resistance of ‘“‘extra-ocular shunt” (=rs ohms), carrying current radially through 
corneal stroma from electrode X to limbus. 
i , Current flowing through “‘extra-ocular shunt”’. 
i Current passing through blood-aqueous barrier. 
Where current is flowing there will be a P.D. across R3 and hence the measured P.D. between A 
and B (=v mV) will be equal to the sum of the P.D. across the blood—aqueous barrier, i.e. between 
A and C (=V mV), and the P.D. across R3 (=V; mV). It will be seen that V=v — 11, and that 
%=i2r3. Therefore, if izr3 and v are known, V may be calculated. 
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electrodes. The recorded P.D. may be represented by v and the correspor:d- 
ing current by i. 

R, represents corneal resistance (=r, ohms) 

R, represents resistance of blood—aqueous barrier (=r, ohms) 

R; represents resistance between uveal vessels and ear vein (=r; ohms) 

R, represents resistance between ear vein and second current electrode ( =r, ohms) 
E represents a source of electromotive force (E.M.F.) in the blood—aqueous barrier 
V represents the blood—aqueous P.D. (= V mV) 


It will be seen at once that where no external current applied (i.e. where 
i=0), the measured P.D. (=v mV) is equal to V. Where current flows 
through the system, a P.D. exists across R3 so that the measured P.D. is 
greater than V by an amount v,. The short-circuit current is the value of i 
for which V=0. This was calculated indirectly as follows. 

After the experiment was ended the resistance between the uveal blood and 
the ear vein (R3;) was determined directly, using a 2-9 Kc/s bridge (Mullard 
E 7566). The cornea was excised, the lens and vitreous removed, and the 
integrity of the barrier between the blood and the contents of the globe 
disrupted mechanically. Blood flowed freely into the globe and the resist- 
ance between this and the ear vein was measured, using platinized platinum 
electrodes. In some cases the resistance was also measured with one electrode 
in the orbital venous sinus; these values did not differ from those obtained 
with the electrode in the globe. Values for r; ranged from 180 to 280 ohms 
in different animals. From Fig. 2 it may be seen that V=v — v, and, assuming 
that Ohm’s Law operated, v, =ir; and 

V=v-ir 3 
From this equation a series of points for V at different values of i and v were 
calculated, assuming r; to remain constant. These points fell on a straight 
line which was extrapolated to V=0. The corresponding value of i for 
V=0 is, by definition, the short-circuit current. The slope of the graph 
obtained by plotting i against v, i.e. di/dv, gave estimates of r.+r3; which 
were between 6 and 13 per cent. greater than the figures obtained for r3. 

A slightly better approximation may be obtained by allowing for current 
flowing radially through the cornea to the limbus, resulting in an “extra- 
ocular shunt” (R; in Fig. 2). Current flowing through the corneal stroma 
must be carried largely by sodium and chloride which are the most abundant 
ions. The stromal resistance to diffusion of Na* is approximately four times 
the resistance in free solution (Maurice, 1951) and, assuming a corneal 
radius of 0-2 cm. and a thickness of 0-036 cm. (Maurice, 1951), calculation 
of a value for r; shows that the current passing through the eye (i, in Fig. 2) 
is approximately ten times the current flowing through the “‘extra-ocular 
shunt” (i,;) and hence about 91 per cent. of the value shown on the micro- 
ammeter. Direct measurement of r; with a 2:9 Kc/s bridge gave values of 
about 3,000 ohms, some 50 per cent. greater than the calculated value. 
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This correction was incorporated in the estimated short-circuit current. 
However, the greater error probably lay in the assumption of uniform 
distribution of current density throughout the blood—aqueous and blood- 
vitreous barriers. Nevertheless, despite these difficulties, the observed 
changes of short-circuit current were consistent with the directly measured 
alterations of nett sodium influx. 


Imposed Electrical Potential—In some experiments the inflow rates of 
sodium and water were measured whilst an external E.M.F. was applied 
across the eye. The apparatus used in these experiments was the same as 
that used for the measurement of short-circuit current, and the blood—aqueous 
P.D. could be varied between -50 and +50 mV. A constant E.M.F. was 
applied for periods of 15 to 30 minutes, but with positive values there was 
often a slow downwards drift which was compensated by manual adjust- 
ment of the potential divider. When the external E.M.F. was disconnected 
the blood—aqueous P.D. returned to its initial value. 


Chemical Methods.—The methods for estimating sodium in the effluent 
fluid and for calculating the water and sodium influx have been described 
in detail in an earlier report (Cole, 1960b). 


Experimental Material.—In nearly all cases adult albino rabbits (2 to 
2:5 kg. body weight) were used, but a few experiments were carried out with 
pigmented rabbits. All were fed on Diet 18 (“Blue Cross” Animals Food- 
stuffs, Associated London Flour Millers Ltd.) and allowed free access to 
water. They were anaesthetized with intravenous urethane (7 to 8 ml./kg. 
body weight 25 per cent. w/v solution in physiological saline). 1 per cent. 
amethocaine B.P. was instilled into the eye before inserting the collecting 
needle or the capillary electrode. Where metabolic inhibitors were 
administered a polythene cannula was inserted into the lingual artery on 
one side (Cole, 1959), with the exception of some experiments using azide 
in which the inhibitor was given intravenously. Where both azide and 
another inhibitor were used, the azide was given intravenously and the other 
inhibitor via the lingual artery. 


Strophanthin-G (C3 9H4g0;2.9H2O)—Strophanthin-G was dissolved in buffered 
isotonic saline (pH 7:4) to give a concentration of 4-0 mM/L. and infused at rates 
between 0-02 and 0-05 »M/min. 

2: 4-dinitrophenol (DNP)—A 20-mM solution in buffered isotonic saline was 
infused at 0-0009-0-0012 mM/min. 

Monoiodoacetic Acid (MIA)—A 40-mM solution in buffered isotonic saline was 
infused at rates between 0-002 and 0-006 mM/min. 


Sodium Azide—A 1-5 per cent. w/v in buffered isotonic saline was given intra- 
venously at 1-5 mg./min. For infusion via the lingual artery a 20-mM solution 
was administered at between 0-0010 and 0-0015 mM/min. 
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Results 


Control values for nett sodium and water influx, blood—aqueous P.D., 
and short-circuit current are shown in Table I, together with the changes 
resulting from administration of metabolic inhibitors. 
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TABLE I 


EFFECTS OF INHIBITORS UPON WATER AND SODIUM INFLUX AND 
BLOOD-AQUEOUS POTENTIAL DIFFERENCE 


Mean Values +S.E.M. 





Potential 
Difference 


Inflow 


Na Influx 


Short-Circuit 
Current 





Before 
Treat- 
ment 
(mV) 


Change 
(mV) 


Before 
Treat- 
ment 
(ul./min.) 


Change 
(ul./min.) 





Before 
Treat- 
ment 


(wEq/min.) 


Change 
(uEq/min.) 


Control 
Series 
(uA) 


Change 
(HA) 





0-886 
+0°13 


0-924 
+0-11 


0-854 
+0-08 

0-850 
+0°11 


0-918 
+0-17 


435 
+67 


6-09 
+0-61 

6-75 
+10 

5:71 
+0-50 


5:57 
+0-71 


6°54 
+11 


6°59 
+0°51 
6°44 
+0-27 


6:10 
+0-36 


6°22 
+0-80 


5-65 
+0-71 


Control 





— 0-378 
+0-10 


— 0-532 
+0-09 


+0-686 
+0-17 


+0-870 
+0-27 


-2-67 
+0-26 


- 3:56 
+0-54 


+3-79 
+0°31 


+5-20 
+0°61 


~39 
+0-29 


-~4-4 
£0-23 


+7-75 
+1-65 


-~4-8 
+0-70 


DNP 


Strophanthin G 


Azide 


MIA 



































* These results were obtained using only three animals. 


Fig. 3 and Fig. 4 (opposite) show typical records of the falls in blood- 
aqueous P.D. caused by strophanthin-G and MIA respectively. 
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Strophanthin 


Fic. 3.—Recording of blood-aqueous P.D. during administration of strophanthin-G 
(0-05 »M/min.) via the lingual artery. 
Arrow marks start of infusion of strophanthin-G. ® 
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MIA Saline MIA 
( | pM/min.} + Azide 
Fic. 4.—Recording of blood-aqueous P.D. during administration of monoiodoacetic acid 


(0:004 mM/min.) via the lingual artery and of sodium azide (1-5 mg./min.) intravenously. 
MIA alone reduces P.D., but does not prevent increase of potential after administration of azide. 








A typical record of the action of DNP is shown on the left-hand side of 
Fig. 5. 


os 1S 
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Bi U t ee 
ONP i.c. Stop ONP NaNgi.c. Stop NaNz ONP 
Fic. 5.—Recording of blood-aqueous P.D. during administration of dinitrophenol (0-0012 

mM/min.) and sodium azide (0-0015 mM/min.) via the lingual artery. 

DNP reduces the potential but there is partial recovery when it is stopped. Subsequently, 
oe a marked increase of potential which is abolished by resuming the administration 

The result of an experiment showing the action of azide given via the 
lingual artery is shown in Fig. 6 (overleaf). This experiment was performed 
on a dark-adapted eye; light flashes (0-10 lamberts 0-1 sec.) were used as 
stimuli before and after azide administration. The record shows greatly 
exaggerated c-waves of the electroretinogram in the presence of azide 
(Noell, 1953, 1954). Intravenous azide appeared equally effective in raising 
the steady blood—aqueous P.D. (Fig. 7, overleaf). Fig. 4 shows, in addition 
to the action of MIA alone, the failure of this agent to prevent the rise of 
P.D. caused by azide. In contrast, Fig. 5 shows an experiment where, 
after recovery from DNP treatment, azide caused a marked increase of P.D. 
which was promptly reduced by a second administration of DNP. 

14 
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Co C3 


Cc 


Light 2 


NaN3 i.c. 

Fic. 6.—Recording of blood-aqueous P.D. during administration of sodium azide (0-0010 
mM/min.) via the lingual artery. 

ci represents the c-wave of the electroretinogram in response to a light flash (0-1 sec. at 0-10 


lamberts) before giving azide; cz and c3 represent the c-waves in response to similar stimuli during 
administration of azide. 
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NaN3 iv. 
[!-8 mg./min.] 


Fic. 7.—Recording of blood-aqueous P.D. during administration of azide (1-8 mg./min.) 


intravenously. : iri resi 
Arrows mark start and finish of azide injection. 


Table II shows the results of an imposed external E.M.F. upon the inflow 
rates of sodium and water. The values for change in current represent the 


TABLE II 
EFFECTS OF IMPOSED EXTERNAL ELECTROMOTIVE FORCE UPON WATER 
AND SODIUM INFLUX INTO THE AQUEOUS HUMOUR 
Mean values + S.E.M. 





Influx 
Change in 





Control Period 


Change 





Sodium 
(»Eq/min.) 


Water 
(ul./min.) 


Sodium 
(uEq/min.) 


Water 
(ul./min.) 





Blood-aqueous 
Potential 
Difference 
(mV) 





Current in 
External 
Circuit 
(uA) 


Orientation of 
Proposed 
E.M.F. 





- 0-435 
+0-10 


5-92 
+0°51 


0-926 
+0-15 


- 1-60 
+0-30 


(range) — 40 
to -70 


(range) — 150 
to -—250 


Opposing 
Natural P.D. 





+0-245 
+0-07 


5°75 
+0-37 


0-940 
+0-11 











+1-30 
+0-12 





(range) +46 
to +90 





(range) + 100 
to +290 





Enhancing 
Natural P.D. 
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current measured in the external circuit and the true values for the change in 
current across the blood—aqueous barrier would be subject to correction 
factors similar to those discussed for the measurement of short-circuit 
current, and hence the figures for change in sodium influx (if expressed in »A) 
are greater than the changes in current measured in the external circuit. 
Nevertheless, a consistent relationship between change in blood—aqueous 
P.D. and sodium influx may be discerned. Where the applied E.M.F. 
caused the aqueous to become electrically negative to plasma, the sodium 
concentration of the effluent aqueous humour was decreased (Fig. 8). 
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Fic. 8.—Changes in sodium and water influx and in sodium concentration in effluent aqueous 
humour during imposition of EMF from an external source. 
Arrows show duration of imposed EMF and value of the current measured in external circuit. 
Positive current values enhance the naturally occurring P.D. and negative values oppose it. 
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Discussion 

The control values for sodium and water influx agree with those reporied 
previously, and it is reasonable to assume that (of the total sodium influx 
of 0-886 »Eq/min.) some 0-3 »Eq/min. represents the fraction of influx sot 
subject to inhibition by DNP (Cole, 1960b). On this view, active transport 
across the blood—aqueous barrier in these experiments would have amounted 
to 0-58-0-60 »Eq/min. 

Values for blood—aqueous P.D. agreed well with the results of Lehmann and 
Meesmann (1924) and Fischer (1932), and with the more recent findings 
of Berggren (1960). The variation from one animal to another was consider- 
able, but in any one animal reasonably steady readings were usually obtain- 
able for up to one hour from the start of the recording. 

The “short-circuit current” (Ussing and Zerahn, 1951; Ussing and 
Andersen, 1956) was calculated in the manner described above. Since it 
was not possible to ascertain the current distribution within the eye with 
respect to the blood—aqueous barrier and the intra-ocular electrode, these 
estimates should not be regarded as more than approximate indications of 
the true short-circuit current. . The mean value of the short-circuit current, 
435 wA, corresponds to a nett sodium influx of 0-3 wEq/min., about 50 per 
cent. of the value obtained by chemical analysis of the effluent fluid. How- 
ever, it will be seen in Table I that changes in short-circuit current cor- 
respond in direction, if not always in magnitude, with alterations in the 


sodium influx. 


DNP, Strophanthin-G.—The effects of DNP upon influx agreed with 
earlier findings (Cole, 1960a,b). The reduced influx of sodium and water 
was associated with falls in blood—aqueous P.D. and short-circuit current. 
These results resemble the findings of Fuhrman (1952), Schoffeniels (1955), 
and Koefoed-Johnsen (1957) on frog skin. The rapid fall in P.D. after 
administration shows that inhibition commences as soon as the toxic agent 
reaches the blood-aqueous barrier. 

The action of strophanthin-G resembled closely that described in other 
tissues (Solomon, Gill, and Gold, 1956; Koefoed-Johnsen, 1957; Solomon, 
1959; Carey, Conway, and Kernan, 1959), an action which Ussing (1959; 
1960) associates with potassium-sodium exchange. Expressed in terms of 
molar concentration, strophanthin-G was a more potent inhibitor than either 
DNP or fluoracetamide (Cole, 1960a,b), a fact which is a strong indication 
for the participation of a sodium-pump mechanism in the production of 
aqueous. 

For the reasons already discussed, the decrease in short-circuit current 
(by 296 vA with DNP and by 350 pA with strophanthin) in neither case 
amounted to more than about 50 per cent. of the decrease in nett sodium 


influx. 
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Azide, MIA.—Both these agents significantly increased sodium and water 
influx (Table I; Fig. 9), but it was apparent that the mechanisms were very 
different. In preliminary experiments with MIA a considerable increase in 
protein was noted in the effluent and the increase in aqueous flow was thought 
to be caused by increased permeability of the blood—aqueous barrier. This 
view was supported by the results of the electrical measurements. MIA 
caused a severe fall in the blood—aqueous P.D. and a reduction of the short- 
circuit current, neither finding being consistent with increased active transport. 
It seems likely that MIA reduced active transport, but that this was more than 
offset by a rise in ultrafiltration due to increased permeability of the barrier. 
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Fic. 9.—Values for sodium and water influx before and after administration of mono-iodoacetic 
acid (0-006 mM/min.) via the lingual artery. 
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Azide, in contrast with MIA, increased the blood-aqueous P.D. very 
considerably, in one case by 15 mV, and it also appeared to increase the short- 
circuit current. The protein content of the effluent was not appreciably 
raised. The action of azide on retinal potentials has been studied extensively 
by Noell (1953, 1954), who has shown that the increase in retinal potential 
arises in the pigment epithelium. In the present experiments, anoxia reversed 
the rise in blood-aqueous P.D. caused by azide, whilst MIA had little effect 
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(Fig. 4). Furthermore, the records of blood-aqueous P.D. after azide 
indicated the presence of exaggerated electroretinographic c-waves (Fig. 7). 
These findings agree well with those of Noell (1953) and, taken in conjunction 
with the increased flux of sodium into the aqueous, render it difficult to 
escape the conclusion that the electrical activity of the retina or the pigment 
epithelium is in some way related to the processes causing formation of the 
aqueous humour. 

The pigment epithelium of the retina is continuous with the outer 
(pigmented) layer of the ciliary epithelium, and one would expect to find 
that the pigmented cells of the ciliary body had some properties in common 
with those of the retina, of which their response to administration of azide 
could well be an instance. Conversely, on the basis of the present results, 
it is not possible to decide what part, if any, the retinal pigment epithelium 
may play in the actual transport of ions into the aqueous. It is worth noting 
that the electrical conductivity of the vitreous is fairly high (some 10 per cent. 
less than that of isotonic saline: Maurice, 1957) and that, should there be 
appreciable influx across the retinal pigment epithelium, the vitreous would 
not greatly impede the movement of ions passing through it. 

It seemed likely that, were the ion fluxes into the aqueous dependent upon 
the electrochemical P.D. blood and aqueous, then alteration of this P.D. by 
imposing an electrical potential from an external source would modify the 
influx rates (cf. Ussing, 1959). This possibility is not entirely dissimilar 
from that which was investigated by Friedenwald and Stiehler (1938), who 
were able to alter the direction of aqueous flow by imposing an electrical 
potential across the blood-aqueous barrier of both eyes in rabbits. The 
magnitude of the external E.M.F. (20V) in their experiments has been 
criticized, not unjustifiably, by Davson (1956) as being unphysiological, but 
since Friedenwald and Stiehler (1938) did not measure the blood—aqueous 
P.D. it is possible that the potential which they actually imposed across the 
blood—aqueous barrier was not so large as might appear at first sight. In 
the present experiments the blood—aqueous P.D. was measured as described 
above. 

Changes in influx were dependent upon the direction of the imposed 
potential (Table II), although some results suggested that negative potentials 
were more effective in reducing the nett flux than positive potentials in 
increasing it (Fig. 8). 

It is evident that rendering the aqueous more positive with respect to the 
plasma caused an increase in sodium and water influx and vice versa. In 
this, the externally-applied P.D. appears to simulate the effects of altering the 
rate of active membrane transport, and it is possible that membrane activity 
is, in fact, modified. Working with gastric mucosa, Rehm (1945) and Crane, 
Davies, and Longmuir (1948a,b) observed that application of current from 
an external source in such a way as to enhance the natural P.D. across the 
tissue increased H* ion production at the mucosal side whereas reversal of 
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the current decreased secretion. It was suggested that the external E.M.F. 
might have increased the return of electrons from the mucosal to the serosal 
side by assisting an electron transport system (Crane, Davies, and Longmuir, 
1948a) and a similar explanation is tenable in the present experiments. It 
was not possible to relate usefully the imposed current to the changes in 
influx. 

A recent study of the ciliary body by Berggren (1960) using microelectrodes 
showed that both the pigmented and unpigmented layers contribute to the 
potential difference between the blood and aqueous humour. The membrane 
potential of the pigment cell layer was about 50 mV negative and that of the 
unpigmented epithelium was about 20 mV negative with respect to the stroma; 
the aqueous was 5-10 mV positive to the stroma. It follows that, if we con- 
sider the unpigmented epithelium, the cells would be some 30 mV positive 
with respect to the pigment layer, whilst the aqueous would be 20-30 mV 
positive to the unpigmented cells. In these circumstances it is possible that, 
were the potential of the pigmented cell layer to be reduced without at the 
same time inhibiting the unpigmented cells, the blood—aqueous P.D. would 
tend to increase. If the increased blood—aqueous P.D. induced by azide is 
considered in these terms, the present hypothesis would imply that a reduc- 
tion of pigment layer P.D. was associated with increased Na* influx. On the 
other hand, Noell (1953) found, in the retina, that administration of iodate, 
which caused histological damage to the pigment epithelium, abolished the 
steady retinal potential. The extent to which these findings may be applied 
to the anterior prolongation of the retinal pigment epithelium in the ciliary 
body is only conjectural, but they are not entirely in accord with the hypo- 
thesis outlined, according to which iodate would be expected to increase the 
steady potential. 

The increase in nett sodium influx in the azide experiments also requires 
some explanation, since this agent might be expected to depress ion transport, 
as in frog skin (Huf, Doss, and Willis, 1957). One possibility is that azide 
increases the blood—aqueous P.D. in one region of the barrier and that this 
increased P.D. enhances sodium influx, acting in rather the same way as an 
E.M.F. imposed from an external source. The results of the experiments 
with an externally-imposed E.M.F. certainly suggest that long-term altera- 
tions of the blood-intra-ocular P.D., such as might arise from changes of 
retinal activity, could modify the sodium flux into the eye. 

Another explanation supposes that azide inhibits the uptake of sodium 
and potassium from the aqueous side of the barrier; this would decrease the 
total sodium flux across the barrier out of the eye and, other things being 
equal, cause an increased nett flux from blood to aqueous (cf. Conway, 
Ryan, and Carton, 1954). Such a reduction in total sodium outfiux might 
also account for an increase of the P.D. across the barrier. This last 
hypothesis requires that azide does not inhibit the extrusion of sodium into 
the aqueous and thereby reduce the total sodium influx from blood to 
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aqueous. Such an insensitivity of sodium extrusion to inhibition by az de 
has been observed by Carey, Conway, and Kernan (1959) in frog sartorius 
muscle. The actions of DNP and strophanthin-G would be explained as 
resulting from the inhibition of extrusion of sodium into the aqueous. This 
hypothesis also accounts for the inhibition of the azide effect by DNP. 


Summary 


Measurements of blood—aqueous potential difference (P.D.), sodium and 
water influx into the aqueous, and short-circuit current across the blood- 
aqueous barrier have been made using rabbits as experimental animals. 

The mean value for the blood—aqueous P.D., measured between electrodes 
in the posterior chamber and in the ear vein was found to be 6:20+0-51 mV 
(aqueous positive to plasma). 

The blood-aqueous P.D. was related to the influx of sodium and water 
into the aqueous; administration of DNP and strophanthin-G reduced 
influx rates and P.D., but both were increased markedly by sodium azide. 

This relationship did not obtain if the blood—aqueous barrier became 
highly permeable to protein, as was the case when mono-iodoacetate was 
administered. Under these circumstances the influx rates increased 
independently of the P.D. 

The influx rate of sodium was modified by an electromotive force (E.M.F.) 
applied from an external source; an applied E.M.F. which tended to enhance 
the naturally occurring blood-aqueous P.D. also increased the sodium 
influx and vice versa. 

Findings with azide suggested that the pigmented cell layer of the ciliary 
body played an important part in blood—aqueous transport. The effects 
of strophanthin-G and of DNP on the blood-aqueous barrier resembled 
their actions upon sodium transport in frog skin. 

Approximate values for the short-circuit current in the presence of 
metabolic inhibitors revealed changes which were parallel to the alterations 
in sodium influx. 


The author wishes to express his thanks to Sir Stewart Duke-Elder for his advice and encourage- 
ment and for the facilities afforded to make this investigation possible. 
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MELANOMA OF THE CHOROID EXAMINED WITH At 
ACOUSTIC BIOMICROSCOPE* 


BY 
ARVO OKSALA 
From the Ophthalmic Department of the Central-Finland Regional Hospital, Jyvaskyla, Finland 


ECHOGRAMS have only recently been used in diagnosing intra-ocular tumours 
(Mundt and Hughes, 1956; Oksala and Lehtinen, 1957; Oksala, 1958, 1959a; 
Baum and Greenwood, 1958, 1960). According to the observations of 
Oksala, ultrasonic examination is a valuable addition to the methods of 
diagnosing this condition. 

Since the ultrasound easily penetrates both the transparent and the opaque 
parts of the eye, we can carry on our examination by ultrasound from the 
point at which the ray of light has stopped. On the basis of echograms we 
can evaluate the acoustic properties of the subretinal space compared with 
those of the vitreous and of the posterior wall of the eye. We can decide 
with a high degree of certainty whether subretinal fluid or an acoustically 
much more heterogeneous tumour tissue is present. The intra-ocular 
tumour is clearly visualized on the echogram only after it has penetrated into 
the vitreous for at least 2 mm. (Oksala, 1959b). 

At the end of 1959 we adopted at our Ophthalmic Department the use of 
the so-called acoustic biomicroscopic examination (Oksala and Lehtinen, 
1960), in which the echogram registered by an ultrasound equipment is 
enlarged by means of a high-frequency oscilloscope. Since I have not 
previously published any observations on the examination of intra-ocular 
tumours by this method, the new research equipment and a typical case are 
discussed below. 


Equipment and Method of Use 


Our research equipment comprises the following pieces of apparatus: 


(1) Ultrasonic equipment with crystalt; 

(2) High-frequency oscilloscope (Tektronix Type 545)t fitted with plug-in 
unit (Type 53/54 L). 

Fig. 1 (opposite) shows the ultrasonic equipment (a) and the high-frequency 
oscilloscope (b). The former is connected to the latter as described by Oksala 
and Lehtinen (1960). The echogram of the eye is seen on the ultrasonic screen 
macroscopically, the acoustic magnification being about x 4. The oscillo- 
scope screen simultaneously shows the echogram microscopically, magnified in the 
direction of both axis x and axis y. If the magnification of the Tektronix time 





* Received for publication May 25, 1960. 
+ Manufactured by Dr. J. u. H. Krautkramer, Gesellschaft 2 Elektrophysik, Cologne, Germany. 


+ Manufactured by Tektronic Inc., Portland, Oregon, US 
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Fic. 1.—Ultrasonic apparatus (a) and _ high-frequency 
oscilloscope (5). 


axis is 80 times that of the ultrasound time axis, the echogram can be continually 
magnified by as much as 320. This means that the diameter of the eye can be 
lengthened out on the Tektronix scale to as much as 8 m. In practice, however, 
magnifications from 10 x to 50 x are sufficient. 

Crystals with the frequencies 6 and 18 Mhz (Fig. 2) have been used in these 
investigations. Each has a diameter of 5 mm., and they can be fitted with plexi- 


glass frames, by means of which the sonic waves may be guided exactly axially, if 
so desired. Since the 6-Mhz crystal has a higher power of penetration, it is used 
for examining the intra-ocular and posterior parts of the eye, the 18-Mhz crystal 
being mainly used for examining the anterior and intra-ocular parts. 


Fic. 2.—Crystals of 6 Mhz 
(above) and 18 Mhz (below). 
Both have a diameter of 5 mm. 
They can be fitted with a plexi- 
glass frame, which is shown both 
detached and fixed to the crystal. 


Method of Examination 


The eye is anaesthetized with 3 per cent. Cornecain drops (Hoechst), after which 
a 1 per cent. methylcellulose solution is pipetted into the eye. The crystal is 
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gently pressed against the surface of the eye, and echograms appear on the scaes 
of both the ultrasonic equipment and the oscilloscope. By changing both he 
point of contact and the direction of the crystal, it is possible to examine all pacts 
of the eye. Photographs are taken of the echograms visualized on the screen. 
So far the two screens have been photographed one after the other, and the eciio- 
grams so obtained were not completely identical in form. The movements of ihe 
examiner’s hand and of the eye cause changes in the echogram during the examina- 
tion, even if one tries to keep the crystal perfectly still, but if the two screens were 
photographed simultaneously echograms would be obtained of the same shape 
but of a different magnitude. The differences which arise when the macroscopic 
and microscopic echograms are photographed one at a time have practical signifi- 
cance, since in any event a long series of echograms are necessary for diagnosis. 


Case Report 


A woman aged 42 had noticed that the visual acuity in the left eye had begun to deterio- 
rate slowly for about 2 months. Since the eye was free from pain and not reddened, she 
had not sought medical aid immediately. 


Examination.—On March 3, 1960, the visual acuity in the right eye was, 1-0 and in the 
left 0-25. The right eye was normal. 

The left eye showed no injection, and the anterior parts of the eye and the vitreous 
were asymptomatic. In the fundus a large tumour was seen above temporally. It was 
about 2 disc diameter wide and the height measured with the ophthalmoscope was 
about 4 mm. The surface of the tumour was compact and was pigmented in several 
places. The retina adhered to the surface of the tumour, and was oedematous between 
the tumour and the macula. A slight foveal tear could be distinguished. 


Ultrasonic Examination.—Since, by means of the ophthalmoscope and the slit lamp, 
it was not possible to explore beyond the surface of the tumour, an examination was 
made with a frequency of 6 Mhz, the impulse power of the ultrasonic equipment being 5, 
and amplification 10. Several echograms showed acoustically that subretinally there was 
heterogeneous tissue and not fluid. In numerous echograms the subretinal tumour tissue 
reflected a group of echoes of different height but chiefly low, which ended in a higher 
echo from the posterior wall of the globe. 

Fig. 3 (opposite) shows two typical echograms reflected from the direction of the tumour 
and photographed on the screen of the ultrasonic equipment. On the left there is a high 
initial impulse followed by the zero-line typical of an undamaged vitreous, reaching as 
far as the echoes reflected by the tumour. In Fig. 3A the arrow marks the beginning of 
a group formed of only three low tumour echoes which ends in the higher echo seen on 
the right which is given off by the posterior wall of the globe. In Fig. 3B the tumour 
reflects only two echoes, which are higher and broader than those seen in Fig. 3A. 

Fig. 4 (opposite) presents two typical echograms emitted by the tumour and photo- 
graphed on the Tektronix screen. In Fig. 4A the acoustic magnification is x 10 and in 
Fig. 4B it is x 20. Fig. 4A shows on the right an echo from the posterior wall of the 
globe with three lower echo peaks in front of it. These three echoes prove that imme- 
diately in front of the posterior wall there is an acoustically heterogeneous tissue about 
3 mm. high. Fig. 4B shows one low but broad echo just in front of the echo from the 
posterior wall. 

This eye was enucleated on March 15, 1960, and the histopathological examination 
demonstrated that the tumour was a melanoma of the choroid. 
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Fic. 3A and B.—Two typical echograms reflected from 
the direction of the tumour on screen of ultrasonic equip- 
ment. (Left) A high initial impulse followed by a zero- 
line typical of the undamaged vitreous, the echo from the 
posterior wall being seen on the right as a higher peak. (A) 
A group of low echoes (arrow) emitted by tumour and con- 
tinuing as far as echo from posterior wall. (B) Tumour 
reflects only two echo peaks. Acoustic magnification x 4. 


Fic. 4A and B.—Two echograms given off by tumour on screen 
of oscilloscope. Echo from posterior wall, on the right, with three 
echoes (A) and one echo (B) emitted by the tumour on the left. 
Acoustic magnification x 10(A)and x 20(B). 


Discussion 
In this case both the macroscopic and the microscopic ultrasound examina- 
tions clearly indicated that tissue was present subretinally, which had a 
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rapidly and markedly varying acoustic resistance. Had there been only 
fluid, vitreous, or blood subretinally, the clear zero-line seen on the echio- 
gram after the echo given off by the retina would have continued as far as 
the echo from the posterior wall of the globe. We could not have obtained 
such a reliable idea of the subretinal space by any other technique of clinical 
examination. Further advantages of the ultrasonic method of examination 
are the absence of pain to the patient and of danger to the eye, and the ease 
with which it can be carried out. 

Previously I have used only macroscopic ultrasonic examination in 
diagnosing intra-ocular tumours; the clinical diagnosis could be verified by 
this means in most cases, but microscopic ultrasonic examination (acoustic 
biomicroscopy) is an even more reliable method of examination by ultra- 
sound. When tumour tissue contains oedema, necrosis, and haemorrhages, 
only very low echoes are reflected in several directions of investigation. In 
Coats’s disease the echoes in numerous echograms were so low that they 
could hardly be visualized on the screen. The magnification of the echogram 
is very helpful particularly when the echoes are low, and it is also useful in 
showing two echoes separately which may appear as one macroscopically. 
Acoustic biomicroscopy has even provided crude data on the microscopical 
structure of the object under examination. 

So far intra-ocular tumours have mainly been examined with a crystal of 
6 Mhz, which gave good penetration of the tumour by ultrasonic waves. 
When the acoustic resistance and absorption of the tumour were lower, a 


frequency of 18 Mhz was used and the resolving limit of acoustic biomicro- 


“ 


scopy was about 200 pu. 


Summary 


Acoustic biomicroscopy has been used in the diagnosis of melanoma of 
the choroid. The equipment comprised an ultrasonic apparatus and a high- 
frequency oscilloscope which magnifies the echogram visualized on the 
screen. The echogram can thus be seen simultaneously both macroscopically 
and microscopically. The high magnification makes it possible to visualize 
low echo peaks more clearly and to distinguish those which lie very close 
together, thus improving the reliability of the ultrasound method of 


examination. 
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MARCHESANI’S SYNDROME* 
BY 


JACK LEVY anp P. E. ANDERSON 
From the Eye Department, Royal Infirmary, Edinburgh 


SINCE this condition was first described by Marchesani (1939), several 
cases have been reported in the continental and American literature, but 
none hitherto in Great Britain. 

The syndrome is characterized by certain skeletal and ocular abnormali- 
ties, the former being in striking contrast to those present in Marfan’s syn- 
drome. The stature is short, usually 5 feet or a little less, the figure stocky 
with well-developed musculature, and the skin and subcutaneous tissue thick. 
The hands are spade-shaped with broad palms and short stubby fingers, and 
in childhood, radiography shows delayed carpal ossification. The shape of 
the feet follows the same pattern. The head tends to be broad and square 
and most of the cases which have been illustrated show a strong resemblance 
in facies as well as build. 

The important ocular features are spherophakia and ectopia lentis, giving 
rise to lenticular myopia and iridodonesis, and glaucoma which is probably 
also due to the spherophakia. The visual outcome is usually poor because 
of the resistance of the glaucoma to treatment, including surgery. The 
condition is generally familial and in a high proportion of cases reported 
there is consanguinity of the parents, suggesting a rather rare autosomal 
recessive gene. Two families described (Rousseau and Hermann, 1949; 
McGavic, 1959) show dominant inheritance. Short stature is usually found 
in one or both parents and not uncommonly some members of the affected 
family show the brachymorphy without the eye signs. Brachydactyly itself 
is generally dominant (McNutt, 1946). Cases of spherophakia complicated 
by glaucoma, sometimes familial, were reviewed by Shapira (1934), but not 
in association with brachymorphy. 

Treatment of the glaucoma is difficult. The condition is usually para- 
doxical in that the use of miotics may lead to a rise in tension which can be 
reversed by mydriatics. This was not a feature in our case although miotics 
failed to lower the ocular tension. Extraction of the lens, generally by means 
of a vectis, has frequently been advocated but has not always led to relief 
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of the glaucoma. Needling ofa spherophakic lens does not lead to abs« Ip- 
tion. Eyes which have had a filtering operation generally do badly. 


Iridectomy ab externo performed at an early stage, before secondary 


changes have occurred in the filtration angle, would appear to be a siniple 
and rational procedure. There is support for this view in the literature 


(Rosenthal and Kloepfer, 1956) and in our case. 


Case Report 


A boy aged 16 first attended the Eye Out-Patient Department in September, 1958. He 
had previously attended a School Eye Clinic where spectacles to correct his myopia had 
been ordered. He had no symptoms apart from defective vision. 


Examination —The pupils were dilated with Cyclogyl and the refraction and visual 
acuity were as follows: right eye 6/12, with -15 D sph., — 1-5 D cyl., axis 180°; left eye 
6/24, with —15 D sph., —2 D cyl., axis 180°. 

The left eye showed stretching and thinning of the sclera above. It was possible to see 
through the dilated pupils that both lenses were dislocated downwards. 

The right optic disc was of good colour and showed slight cupping, possibly physio- 
logical. The left disc showed glaucomatous cupping and pallor. 

The fundi were otherwise normal in appearance and in particular there was no sign 


of myopic change. 
The intra-ocular pressure was 34 mm. Hg in the right eye and 46 mm. Hg in the left 


(Schiétz). 


The right visual field was normal, the left showed arcuate scotomata with a nasal step. 


Treatment.—Pilocarpine and Diamox produced no significant change in the intra- 
ocular pressure. A cyclodialysis was performed on the left eye without benefit, and later 
an iridectomy ab externo was carried out, but with difficulty because of the staphylo- 


matous condition of the sclera. About this time the patient was recognized as being a 
case of Marchesani’s syndrome. 


Progress 


Left Eye: The tension has remained generally a little raised and there has been further 
loss of the visual field. The visual acuity is now 6/36+, with — 13 Dsph., -3-5 D cyl. 
axis 125°. 

Right Eye: Because of a rise in tension an iridectomy ab externo was carried out on 
the right eye. The tension has now remained normal for 10 months with no loss of 
visual field. The visual acuity is now 6/9 ptly, with - 10 D sph., -4 D cyl., axis 175°. 

Slit-lamp examination revealed nothing abnormal in the right eye apart from the 
marked convexity of the lens with bowing of the overlying iris and shallowness of the 
temporal side of the anterior chamber. Gonioscopy of the right eye before operation 
confirmed the bowing of the iris but the angle of the anterior chamber was normal. 
Gonioscopy of the left eye after operation showed peripheral anterior synechiae all round 
the angle. Tonography of the right eye indicated a normal facility of aqueous outflow. 


The patient’s height is 4 ft 104 in. and he weighs 126 lb. His hands and feet show 
the characteristic appearance and he has well-developed muscles and subcutaneous tissues. 
His head is broad and rather square (Fig. 1, opposite). X-ray examinations have 
revealed no abnormality apart from an unusual shortness of the metacarpals and meta- 
tarsals. He is of normal intelligence and placid temperament. 
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MARCHESANI’S SYNDROME 


The only ocular abnormalities found among 
other members of his family are hypermetropia — 
and squint. His sister, aged 12, is 24 inches 
taller than he is and has long narrow hands 
and fingers which are almost arachnodactylic. 
One maternal uncle (Fig. 2, II, 3) is in a mental 
hospital with reputed postencephalitic behavi- 
our disorders dating from age 8, but there is 
no history of an overt attack of encephalitis. 
In build and facies this man closely resembles 


his affected nephew but his eyes are normal. 
The patient's father was an adopted child and 


nothing is known about his relatives. 


Summary 


A case of Marchesani’s syndrome is des- 
cribed in which the glaucoma appears to 
have been brought under control in one eye 
after an iridectomy ab externo, 


We wish to thank Dr. J. R. Paterson and Dr. J. Macas- 


kill for permission to publish this case. 





Fic. 1.—Patient’s general appearance, showing height. 
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Fic. 2.—Family tree showing reported case (III, 2), and his mother (II, 2), maternal uncle (II, 7), 
and maternal grandfather (I, 1). 
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METASTATIC ADENOCARCINOMA OF THE OPTIC 
NERVE-HEAD AND ADJACENT RETINA* 


BY 


F. J. CHERINGTON 
Ophthalmic Institution, Glasgow 


METASTATIC tumours in the optic nerve and its sheaths are very rare, and 
only a few cases are to be found in the literature (Duke-Elder, 1940). The 
most common tumour of this type is metastatic carcinoma and the deposit 
occurs in the sheaths of the nerve more frequently than in the nerve itself. 
Cases involving the nerve substance and retina have been described by 
several authors. 


Elschnig (1891) reported a metastasis in the nerve secondary to a bronchial 
carcinoma, and Holden (1902)and McDannald and Payne (1934) noted similar 
deposits in carcinoma of the breast. Davis (1932) recorded an original focus 
at the disc—again secondary to carcinoma of the breast, and Sattler (1926) 
described an eye in which the whole retina was replaced by new growth in a 
case of carcinoma of the pancreas, the original metastatic site being at the 
optic disc. 

The following case illustrates an early stage in the development of a lesion 
such as that described by Sattler. 


Case Report 


A housewife aged 62 attended the Ophthalmic Institution, Glasgow Royal Infirmary, on 
March 1, 1960, having noticed blurring of vision in the left eye for one month. 


Examination.—The patient did not look ill but had been attending a medical out- 
patient department at intervals during 1959 for treatment of early congestive cardiac 
failure. A diagnosis of aortic stenosis had been made and she had responded well to 
oral Saluric. 


Lert Eve.—The visual acuity was 6/24 with +1 D sph. The pupil reacted slug- 
gishly to light but external examination showed no other abnormality. The media were 
clear. 


The fundus appearance was striking. Arising from the optic disc there was a some- 
what pedunculated white mass with punctate haemorrhages on its surface. In the 
adjoining retina larger irregular areas of haemorrhage were seen, arranged, for the most 
part, in a ring around the disc about 2 mm. from its margin. There was congestion of 
the retinal veins especially temporally and the vessels appeared to be carried forward 
by the mass (Fig. 1, overleaf). The ocular tension was not raised. 
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Fic. 1.—Fundus photograph of left optic disc on March 5, 1960. 


RiGut Eyve.—The visual acuity was 6/6 with +1 Dsph. No abnormality was found. 


Progress.—The patient entered hospital on March 4, 1960, for investigation. Blood 
Wassermann and Kahn reactions and the Mantoux test were negative. The blood 
picture was normal but the erythrocyte sedimentation rate was consistently raised, 
the average readings being 33 mm. in the first hour and 64 mm. in the second. Apart 
from an aortic systolic bruit and cardiac enlargement, no abnormality was found on 
clinical examination. 


X-rays of the skull and optic foramina showed no abnormality, but chest films (includ- 
ing tomographs) disclosed a lesion solid in the right lower lobe. The appearance 
suggested a primary bronchial carcinoma. In addition, a probable secondary deposit 
and pathological fracture were noted at the lateral extremity of the right clavicle. 


On March 7, 1960, the patient coughed up a quantity of blood-stained sputum, but 
subsequent sputa were free of blood and smears for tubercle bacilli gave negative results. 


Repeated examination of the left fundus showed the mass to be increasing rapidly in 
size. Enucleation of the left eye was carried out on March 12, 1960, and the patient 
was afterwards transferred to a medical unit. 


PATHOLOGICAL REPORT: “‘Situated in the optic nerve-head and the peripapillary 
retina, there are numerous but isolated clumps of small round hyperchromatic cells 
showing a definite acinar formation. The retina in the region of the disc is oedematous 
and disorganized and a haemorrhagic albuminous subretinal exudate is present.” 
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Diagnosis.—Secondary adenocarcinoma of optic nerve and retina (Figs 2 and 3). 





Fic. 2.—Low-power view of section, showing the mass in the optic cup and 
malignant cells in the nerve head. x 10. 


Fic. 3.—High-power view, showing 

a typical clump of cells in the nerve. 

The acinar arrangement is well seen. 
x 500. 





Discussion 

The case is of interest in view of the rarity of metastatic carcinoma of the 
optic nerve, especially at the disc. 

In the absence of unequivocal radiological findings it is likely that the 
lesion would have been diagnosed clinically as a primary intra-ocular 
growth. Glioma, neurinoma, or malignant melanoma (either of the disc or 
of the juxtapapillary choroid) would have been considered likely. 
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In this instance the x-ray findings were paramount in making the correct 
diagnosis, subsequently confirmed by histological examination of tie 
sections. 


Summary 


A case of metastatic adenocarcinoma of the optic nerve-head and juxta- 
papillary retina is described and the histological appearances illustrated. 
A primary growth in the lung and a probable secondary deposit were dis- 
covered by radiological examination. 


I wish to thank Dr. Janet F. Steel for permission to publish this case, Mr. J. C. Watt of the 
Tennent Institute of Ophthalmology, Glasgow, for the photographs, and the Institute of Ophthal- 
mology, London, for the pathological report. 
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HAEMANGIOMA OF THE ORBIT* 
REPORT OF A CASE 


BY 


H. E. HOBBS 


From the National Hospital for Nervous Diseases, Maida Vale, and the Proptosis Clinic, 
Institute of Ophthalmology, London 


HAEMANGIOMATA frequently exist in the orbit for long periods before their 
nature can be determined. They are recognized as hamartomata, arising in 
congenital vascular abnormalities and enlarging slowly by canalization and 
increasing blood flow through their abnormal blood channels, rather than 
by true neoplasia. Haemorrhage from spontaneous or traumatic rupture, 
or thrombotic, cystic, or inflammatory episodes may interrupt this course, 
but in many cases they present simply as benign orbital tumours which, if 
situated posteriorly in the orbit, exert pressure upon the orbital contents. 
Among the familiar secondary effects of such pressure, loss of vision is, 
clearly, the most serious. This is emphasized by Walsh (1957) and was 
detailed by Birch-Hirschfeld (1930) in the well-known review of 92 cases, in 
21 of which all vision had been lost in the affected eye and in 39 of which a 
more or less serious defect remained. Exposure keratitis and corneal 
ulceration from severe proptosis account for a certain number of such cases, 
and optic or retinal atrophy from direct pressure or following papilloedema 
is responsible for others, but there remains an appreciable proportion in 
which amblyopia is unexplained (Duke-Elder, 1952). 

The following case is reported because the manner in which it presented 
is of interest; and because the visual loss, unassociated with objective 
evidence of a retinal or optic nerve lesion, proved recoverable after a period 


of 5 years’ progressive increase. 


Case Report 


An educated man aged 48 was told by friends in 1953 that his left eyelid was sagging, and 
soon afterward became aware of impaired vision in this eye. Spectacles were prescribed 
and he was treated with orthoptic exercises for a time; but it was not until 1956 that he 
became aware of diplopia. Meanwhile the vision in the eye had further deteriorated, 
and he developed a vertical squint in addition to the apparent ptosis and began to 
experience temporal headaches, unaccompanied by nausea or vomiting. Latterly a 
suspicion of weakness of the left arm and vague paraesthesiae in the left thigh had 
resulted in neurological examination and, this being negative on the score of these 
symptoms, he was referred for further ophthalmological opinion. 
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Examination (April 12, 1958).—The left eye was seen to be displaced upward sore 
8-10 mm. (Fig. 1), giving the appearance of ptosis, and some 4 mm. of proptosis was 
noted. The visual acuity in the right eye was 6/5, and in the left 6/36, corrected with 
-0-5 Dsph., +3-5 Dcyl., axis 75° to 6/18. Limitation of depression of the left eye was 
apparent; but vertical diplopia was elicited only on depression, left hyperphoria in the 
primary position being only 2 prism dioptres with the Maddox rod. The fundi showed 
no abnormality and no defect was found in the peripheral fields (4° and 4° white objects). 
In the central fields the blind spots were of normal size and no scotomata were plotted. 


Fic. 1.—Pre-operative appearance, showing upward displacement 
of left eye (April 12, 1958). 

Although no mass ‘could be palpated in 
the lower part of the orbit, the ocular dis- 
placement, diplopia, and astigmatism were 
attributed to such a lesion, and the visual 
loss was thought to be due to the compres- 
sion of the globe. No bruit was audible 
and skull x rays, whilst they raised the 
question of some expansion of the lateral 
wall of the orbit, revealed no abnormality of 
the optic foramina. Orbitonometry con- 
firmed the degree of proptosis and indicated 
a degree of reduced repressibility suggestive 
of a solid mass within the orbit (Fig. 2). 

The possibility that the tumour might bea 
haemangioma was considered at this stage 
and angiograms were undertaken; the arte- 
riogram revealed no abnormality but also 
produced no evidence of a retro-orbital 
mass. The phlebogram showed no abnormal 
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intra-orbital venous spaces, no filling of the inferior orbital vein, and only a very narrow - 
superior orbital vein displaced toward the orbital roof, with much reflux of dye down 
the facial vein. Figs 3 and 4 show the phlebogram of a normal subject compared with 
that of the patient. 


hitatics Orbital 
Vein 


Fic. 3.—Phlebogram of normal subject. 


Superior 
Orbital 


Facial eran 


FiG. 4.—Phlebogram of patient, showing orbital fiow through superior orbital vein only. 
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Operation (May 15, 1958).—Under general anaesthesia a mass was felt medially in i: 
lower fornix, and its anterior end was exposed by a transconjunctival incision benea.1 
the inferior rectus. The tumour was found to be easily separable by blunt dissectivin 
from the eye and extra-ocular muscles above and from the orbital floor below. It w.is 
lobulated and well encapsulated and was removed in foto after the division of a pair of 
small vessels. The incision was closed with a continuous silk suture, leaving a rubber 
drain which remained in situ for 5 days. Convalescence was uneventful. 


Result.—Post-operative refraction (May 23, 1958) showed an immediate improvement 
in the visual acuity of the left eye to 6/9, which, when the astigmatism returned to its, 
presumably, normal level of 0-5 dioptre in 6 months, rose to 6/5. The normal appearance 
of the eyes was rapidly restored (Fig. 5), and the diplopia, evidently due to direct pressure 


upon the inferior rectus, disappeared. 


Fic. 5.—Post-operative appearances, showing normal left orbit 
(January 15, 1959). 


Pathological Histology.—The tumour measured 28 x 23 x 14 mm. and was described as 
a sclerosing angioma composed of numerous thin-walled spaces containing blood. In 
addition, there were a few vessels with considerably thickened walls resembling arteries, 
but no elastic tissue could be demonstrated in them. There were a few collections of 
round cells in the interstitial tissue and also haemosiderin-laden histiocytes suggesting 
old haemorrhage. Scattered throughout the fibrous tissue were lymphoid follicles in 


which germinal centres were prominent. 


Discussion 

The post-operative recovery of vision in this case confirms the belief that 
visual loss arose directly from pressure on the globe which not only caused 
astigmatism, but also affected the retina itself. Such an effect is more 
familiar when oedema and retinal folds corresponding to the site of pressure 
are seen ophthalmoscopically and when, therefore, the probability of per- 
manent reduction of visual acuity is greater than in the absence of such 
signs. That these do not necessarily indicate irreversible retinal changes, 
however, is demonstrated by the case recently reported by Hedges and 
Leopold (1959), in which the lesions were accompanied by pre-aperative 
acuity of 1/60 improving to 6/9 after operation. Nevertheless, early 
diagnosis and treatment of the responsible tumour is clearly desirable, and 
to this end angiography, more especially phlebography, has a useful part to 
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play. In this instance it was not possible to delineate the tumour radio- 
graphically, probably because of its scanty vascular connexions, although in 
other cases this has been possible (Boudet, 1954; Hobbs, DuBoulay, and 
Davis, 1960). On the other hand the indication of increased resistance to 
blood-flow through the normal venous channels of the orbit and the demon- 
stration of upward displacement of the superior ophthalmic vein contributed 
materially to the diagnosis since such a finding is already familiar in cases 
of orbital tumour (Hobbs, Du Boulay, and Davis, 1960). 

Offret (1951), believing that haemangiomata are common among benign 
orbital tumours, advised that when insidious unilateral proptosis was en- 
countered this pathology should be the first to be considered, and to his 
advice may be added the suggestion ‘that orbital angiography be then 


performed. 


Summary 


A case of unilateral ocular displacement caused by the pressure of a 
haemangioma, which also deformed the globe producing marked, temporary 
astigmatism and retinal compression, with full post-operative recovery of 
vision is described. The role of orbital angiography in the diagnosis of 
such lesions is briefly discussed. 


I should like to acknowledge my indebtedness to Dr. W. H. McMenemey for his advice and 


his report on the pathology of the tumour. The illustrations are the work of his department and 
of the Department of Medical Photography, Institute of Neurology, Queen Square. For the 


orbital angiograms Dr. G. H. DuBoulay is responsible; his technique has already been described 
(1960). 
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TWO SUTURING TECHNIQUES FOR CORNEAL GRAFTS* 


BY 


Cc. R. KANAGASUNDARAM 
Birmingham and Midland Eye Hospital 


Many authorities advocate the use of direct sutures for the fixation of corneal 
grafts. One argument against their use is the trauma caused by the forceps 
which are used to support the graft while the sutures are inserted. 

Such trauma is not limited to the punctures caused by the teeth of the 
forceps and the crushing effect of the jaws; lateral tearing of the graft can 
occur when the graft is supported at one point and the needle inserted to one 
side of this point. This type of trauma can be avoided by the use of forceps 
with two pairs of jaws, which support the graft at two points while the needle 
is inserted into the tissue between them. These doubie forceps have the dis- 
advantage that they puncture the graft at two points for each suture inserted. 

The techniques to be described suggest a means of avoiding damage to 
lamellar and perforating grafts with forceps while inserting direct sutures. 


Lamellar Grafts 


Instruments for counter pressure during the insertion of sutures consist of 
a ring or twin prongs of metal with a gap in the centre. The tissue to be 
sutured is supported by the instrument while the needle is passed through 
the tissue into the gap. 

When using this technique for the thin slices of tissue used in lamellar 
grafting, one finds that the gap in the head of the counter presser is so wide 
that the corneal tissue dips into it while the needle is being inserted. This 
prevents accurate and easy placing of the suture. The dipping could be 
prevented by narrowing the gap in the counter presser but this would increase 
the chances of damage to the cutting edges of the needle. 


Method.—The counter presser used in the technique to be described is made 
of polythene (Fig. 1, opposite). It avoids the dipping effect mentioned as 
there is no hole in the head of it. The blade of the instrument supports the 
tissue from behind while the needle penetrates the graft, and the emerging 
needle point is made to bite very slightly into the counter presser (Fig. 2, 
opposite). 

The instrument is then withdrawn and is so placed that it supports the 
back of the graft and the needle point is steadied by lying in the notch at 
the apex; the needle _ then be pushed through the graft sliding all the 
while in the notch (Fig. 3, opposite). The suture can then be inserted into 
the recipient bed (Fig. 4, opposite). 

Four to six sutures can be inserted into a lamellar graft in this way with- 
out once having to touch the donor or recipient with forceps. 
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Fic. 1.—Polythene counter presser (actual Fic. 2.—The needle is passed through the 
size). Inset: enlarged view of notch to support graft and the point bites into the counter 
needle. presser. 
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Fic. 3.—The needle is pushed further through Fic. 4.—Insertion of suture through the lip of 
the graft, the point being steadied in the notch _ the recipient bed, the needle point being guided 


at the end of the counter presser. by the counter-presser. 


Penetrating Grafts 


Direct sutures are usually inserted into penetrating grafts after they have 
been detached and while they are supported by forceps. Several suturing 
methods which minimize trauma to a graft are being used at present. 

Arruga’s graft holder enables one to insert sutures into a graft after it 
has been detached without damaging it with toothed forceps. 

The procedure of Teng and Katzin (1952) also provides for the insertion 
of sutures into the detached graft with little added trauma. 

Fixation trauma to the graft can be minimized by tunnelling before com- 
pleting the section with a thicker thread than that to be used for the final 
suture (Bietti, 1949). 
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its favour: 


detached from the donor eye. 


cut. 


This prevents the tangling of long loose ends. 





Fic. 5.—Insertion of a suture into a penetrating graft 
after the initial trephine cut. 


C. R. KANAGASUNDARAM 


Advantages.—The technique to be described has the following points i, 
Four to six pre-placed sutures can be inserted into a graft before it is 


The whole thickness of the graft is cut through with the same trephine. 
The depth of the sutures can be adjusted by the depth of the initial trephine 


Forceps are not used on the graft at any stage of the proceedings. 
Double-armed filament silk sutures are prepared with the ends fixed to the 
needles with a half hitch and the free limbs of the sutures cut fairly short. 


Method.—A trephine cut is 
made half way into the donor 
cornea with an _ instrument 
which has a detachable blade 
such as the Franceschetti tre- 
phine made by Grieshaber or 
Down Bros. The double- 
armed sutures are then inserted 
into the graft and brought out 
through the trephine cut 
(Fig. 5). 

The trephine blade is then 
removed and the ends of the 
sutures are threaded through 
it. This procedure is facili- 
tated by inserting a small-bore 
polythene tube through the 
trephine blade, fixing the 
needle in the lumen of the tube, 
and so drawing the sutures 
through the trephine (Fig. 6). 

















Fic. 6.—Sutures being threaded through the trephine 
blade with the help of a small-bore polythene tube, after 
insertion into the partly detached penetrating graft. 
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The trephine blade is now slipped down 

again along the sutures, which are held 
under light tension, into the original tre- 
phine cut (Fig. 7). The light tension on the 
sutures compresses the inner edge of the 
graft sufficiently to enable the trephine to 
slip past the sutures into the bottom of the 
cut and beyond it without damaging them, 
but is insufficient to cause any separation 
of the corneal lamellae. The tension on 
the sutures is then relaxed and the graft is 
cut in the usual way using the trephine blade 
only. Forceps have to be used to fix the 
recipient cornea while the graft is being 
sutured to it. Six sutures can be preplaced 
without becoming tangled. Four sutures 
at an angle of 90° or 60° to each other would 
make things simpler, additional sutures 
being inserted in the usual way after the 
graft is partly fixed to its bed. 

When the sutures are threaded through 
the trephine blade, those nearest the tre- 
phine should be passed through first. This 
allows the strands to lie evenly and enables 
easy separation of the sutures after the 
graft is detached. 

It is important to hold the trephine blade 
at right angles to the donor cornea during 
the cutting of the graft. Otherwise uneven Fic. 7sutures in a partly detached 
penetration of the donor cornea may result graft being held with forceps under 
in an early loss of the anterior chamber sHoned back bere ay eae 
before the graft is completely detached, and 
this will necessitate much dissection with corneal scissors or with a knife. 
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Summary 


Damage to corneal grafts caused by fixation forceps during the insertion 
of direct sutures is discussed. 

Two methods of inserting direct sutures for lamellar and penetrating grafts 
without the use of fixation forceps are described. 
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NOTES 


TONOMETERS 


In accordance with a modification,of the specification for standard tonometers 
recently introduced, new tonometers will appear on the market with a new scale 
which incorporates a scale division “ -1”’. 

These tonometers will continue to read zero on their own test blocks and the 
calibration of these instruments is not affected by the change in the scale. This 
change has been introduced to comply with the demands of changes in the testing 
procedure carried out at the Tonometer Testing Stations. ; 

C. R. S. JACKSON 
Tonometer Testing Station 
The W. H. Ross Foundation 
Edinburgh 


ROYAL COLLEGE OF SURGEONS OF CANADA 


1961 Medallist 


Dr. John S. Speakman, F.R.C.S. (C), Department of Ophthalmology, University of 
Toronto, received the Annual Award in Surgery at the Thirtieth Annual Meeting of the 
Royal College of Physicians and Surgeons of Canada held at the Chateau Laurier, 
Ottawa, on January 19-21, 1961. Dr. Speakman received the award for his essay on 


“The Structure of the Trabecular Meshwork and Corneal Endothelium in relation to the 
Problem of Resistance to Outflow in Open-Angle Glaucoma’”’. The final phase of the 
research on this subject was done by Dr. Speakman in the Department of Pathology, 
Institute of Ophthalmology, London, England. 


UNIVERSITY OF MINNESOTA 


Medical Continuation Courses, May, 1961 at the Center for Continuation Study, 
University of Minnesota. 


A course on Ophthalmology for Specialists will be held at the Center for Continuation 
Study on May 1 to 3, 1961. For further information write to the Director, Department 
of Continuation Medical Education, 1342 Mayo Memorial, University of Minnesota, 


Minneapolis 14. 
V INTERNATIONAL CONGRESS OF ELECTROENCEPHALOGRAPHY AND CLINICAL 
NEUROPHYSIOLOGY 
Rome, 1961 
This congress will take place on September 7 to 13, 1961. 


VII INTERNATIONAL CONGRESS OF NEUROLOGY 
Rome, 1961 


This congress will take place on September 10 to 15, 1961. 
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THE 150TH ANNIVERSARY OF THE MOORFIELDS 
MEDICAL SCHOOL 


It seems a good opportunity, on the 150th anniversary of the founding of the 
Medical School of Moorfields Eye Hospital, to take note of the earliest ophthalmic 
hospital to be founded in the world, which still survives and which has provided 
the inspiration for the foundation of eye hospitals as far apart as the United States 
of America in the West and India in the East. The two following papers were 
delivered at Moorfields to the Osler (Historical) Club and may be of interest to 


our readers. | 
THE EDITOR 


THE HISTORY OF THE MOORFIELDS MEDICAL SCHOOL 


BY 
CHARLES COOK 


THERE can be little doubt that the concept of an institution entirely devoted 
to the treatment of and instruction in ocular diseases in the early years of 
the 19th century can to a great extent be correlated with the enormous 
increase in ocular diseases which followed the Napoleonic War. A ful- 
minating infection of the eye, the so-called “Egyptian ophthalmia” swept 
through the English troops defending Egypt, and after their evacuation and 
disbandment in 1803, this ocular condition, which was almost certainly 
trachoma complicated by other infections, spread rapidly throughout Great 
Britain.: The virulent nature of the disease is well demonstrated by its 
effects on the second battalion of the 52nd Light Infantry in which, out of 
636 infected soldiers, fifty lost both eyes and forty suffered the loss of one. 
Unfortunately the disease did not remain confined to the army, but was 
disseminated widely among the civilian population. 

At this period, in spite of the ever-increasing incidence of ocular disease, 
the study of ophthalmology was almost entirely neglected in the teaching 
hospitals, its practice being essentially left to itinerant quacks, or so-called 
oculists. This taint of quackery naturally had the effect of deterring respect- 
able surgeons from either practising or teaching the subject. It is interesting 
to note, however, that several of the quack fraternity, although looked upon 
as charlatans by the medical profession, had most successful careers. Thus 
one William Read, who started life as a tailor, settled in London in 1694 
and advertised in the Tatler that he was adept in the technique of couching 
cataracts, taking off all sorts of wens, and curing wry-necks and hair-lips 


without blemish. In 1705 he was knighted and was at the same time 
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appointed Oculist-in-Ordinary to Queen Anne. One sample only of his 
methods of treatment needs be quoted: ‘“‘A louse put into the eye when it is 
dull and obscure and wanteth humours and spirits, tickleth and pricketh so that 
it maketh the eye moist and rheumatic and quickeneth the spirits”. Then 
there was Roger Grant, a cobbler, who subsequently became a Baptist 
minister. The best known and most notorious of this fraternity was John 
Taylor, better known as Chevalier Taylor, who stands pre-eminent for un- 
blushing effrontery whilst indulging in all the methods of the charlatan, and 
yet was appointed by King George II as his oculist. 

Thus, in 1803, when John Saunders returned to London to practise 
surgery, there was an immense increase in the amount of eye disease and 
practically no provision for its treatment. His interest had already been 
attracted to ophthalmology during his apprenticeship, and after starting 
general practice he decided to devote himself entirely to ophthalmology, a 
decision which must have required considerable courage in one who wished 
to remain of good repute with other members of his profession. The 
suggestion that Saunders should start a special institution for the treatment 
of the eye and ear is said to have originated with his patron, Astley Cooper. 
The greatest London surgeon of his day, he had taken considerable interest 
in his protégé, who had served as his demonstrator of anatomy at St. 
Thomas’s Hospital. 

After seeking the advice and obtaining the approval of the physicians and 
surgeons of St. Thomas’s and Guy’s Hospitals, on October Ist, 1804, he 
published a proposal for opening a dispensary for the poor suffering from 
diseases of the eye and ear. A committee was then formed under the chair- 
manship of Mr. Benjamin Travers, a wealthy city merchant, and at its first 
meeting, held at the City Coffee House on January 4, 1805, it was unani- 
mously agreed that “a dispensary be instituted under the name of the 
London Dispensary and that Dr. Farre be appointed consulting physician 
for cases requiring medical aid’’. 

Subscriptions from many city merchants enabled the lease of 40 Charter- 
house Street to be purchased for 18 years for a sum of £300 and an annual 
rental of £65, and on March 25, 1805, the “London Dispensary for Curing 
Diseases of the Eyes and Ears” was opened for the reception of patients. 
(Fig. 1, opposite). 

One Sarah Clerk was appointed nurse and housekeeper and her husband 
was engaged to dispense drugs, their combined salary being £50 per year 
together with coal and candles. The institution undoubtedly satisfied 
a great need, for during the first year 600 patients were admitted of 
whom 500 were said to be cured; by the fourth year the numbers had risen 
to 2,357 patients of whom 1,970 were “cured”. The term “cured” has 
unfortunately to be construed in the widest sense, for amongst those patients 
so named were included cases of complete corneal opacity in which it would 
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Fic. 1.—The first hospital. 
The London Dispensary for Curing Diseases of the Eyes and Ears (arrowed), opened in 1805. 


appear to be obvious that although the treatment might have been successful 


the patient remained blind. 

In December, 1807, at Saunders’s request, the governors resolved that 
diseases of the eye should be the sole object of the charity, and that the 
name of the institution should be changed to “The London Infirmary for 
curing Diseases of the Eye’. The reason for this change of name is 
interesting: “apart from the removal of inspissated wax from the external 
ear, there was not any useful treatment for deafness’’. 

By 1809 Saunders had two pupils working with him at the Dispensary, 
both of whom subsequently became ophthalmic surgeons. William (after- 
wards Sir William) Adams founded the “West of England Eye Infirmary”’ at 
Exeter and became oculist to the Prince Regent. John Stevenson founded 
the “Royal Infirmary for Cataract and Other Diseases of the Eye’ in 
London in 1830 under the patronage of King William IV to whom he was 
appointed oculist; this hospital survived for only 14 years. 

It should perhaps be recorded that Saunders was not the very first man 
to specialize in eye diseases, nor indeed was the hospital he founded in 1805 
the first eye hospital to be opened in London, for a Dr. Wathan and a Dr. 
Ware actually started a hospital in Cork Street in 1804 under the patronage 
of George III, which was known as “The Royal Infirmary for Diseases of 
the Eye”. This hospital survived only until 1872. It subsequently handed 
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over its assets, amounting to £200, to the Royal London Ophthalmic 
Hospital. 

After Saunders’s death in 1810, Astley Cooper temporarily took over the 
care of both the out-patient and in-patient departments until Benjamin 
Travers, son of the Benjamin Travers who had been chairman of the first 
Committee set up in 1805 (see above), was elected to fill the vacancy. 
Travers had been trained as a general surgeon, and indeed was eventually 
so appointed to St. Thomas’s Hospital. He combined the practice of 
ophthalmology with general surgery and did much to carry on the work of 
Saunders in raising the specialty from the condition of quackery in which it 
had begun. His connexion with St. Thomas’s enabled him to bring his 
students to the Eye Infirmary for special instruction, and in 1810, at his 
instigation, the practice of the Infirmary was opened to medical students. 
In the annual address of the committee of the London Infirmary for that year 
it is noted that “‘permission has been granted to the medical officers to deliver 
lectures. The attention of the Committee has also been occupied with the 
means of extending the immediate circle of its operation. With this view 
they have permitted the practice of its Medical Directors to be attended by 
students by which act they provide that a knowledge of the diseases of the 
eye shall be more generally diffused among the members of the medical 
profession”. 

So was initiated the school of ophthalmology. Among the earliest 
students were two young Americans, Dr. Edward Delafield and Dr. J. 
Kearney Rodgers, who, on their return to New York, established the New 
York Eye and Ear Infirmary in 1820 on lines similar to the English institu- 
tion. This hospital survives as one of the leading ophthalmic hospitals in 
the U.S.A., and, unlike its parent institution, has retained the old title of 
Infirmary. It is interesting that Dr. Delafield was elected the first president 
of the American Ophthalmological Society on its foundation in 1864. A 
few years later Dr. Edward Renold came from Boston, Mass., to study at the 
Eye Infirmary and was responsible on his return to the United States for 
the foundation of the Massachusetts Charitable Eye and Ear Infirmary. 

In 1819 the Directors of the East India Company consulted Travers (who 
was surgeon to their Company) as to the best method of coping with the 
ocular diseases which were rife in the populous districts which they con- 
trolled, and at his suggestion one of the surgeons of the Company who had 
studied under him at the Infirmary was sent to Madras where he founded 
the Madras Eye Infirmary; such was its success that 5 years later other Eye 
Infirmaries were founded at Bombay and Calcutta by former students of 
the English institution. 

During the first 7 years that the London Eye Infirmary was open to 
medical students, 412 pupils from many countries (including the United 
Kingdom, India, America, and Germany) had received instruction, and 
10 years later the number had increased to over 1,000 students from every 
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part of the world who, according to the Annual Report of the Hospital, 
“had diffused the hospital’s benefits over various remote parts of the globe 
so that it is perhaps as well known on the banks of the Ganges as on the 
banks of the Thames”’. 

The chief financial support of the Infirmary at this time was derived from 
subscriptions and donations received at the anniversary dinners, at which, 
up to 1812, were exhibited patients of special interest and those showing 
post-operative results best calculated to stimulate generous contributions 
from the diners. Another technique was to obtain the services of some 
eminent divine to preach a sermon on behalf of the Infirmary on the Sunday 
before the dinner, and such was the response that, in spite of the then 
enormous cost of the Peninsulat War, the funds rose steadily and in 1819 
were sufficiently great to enable a Building Committee to be appointed to 
find a suitable site and to draw up plans for a larger institution better equip- 
ped to cope with the ever-increasing clinical and teaching demands. 

On May 2, 1821, the foundation stone of a new Infirmary was laid in 
Moorfields (a piece of moorland to the north of the old City Wall, access 
to which was gained through the Moorgate). Early in the 17th century this 
had been drained, laid out in walks, and planted with trees, and was a well- 
known place of recreation. On the laying of the foundation stone of the 
new building its name was changed for the second time to the “London 
Ophthalmic Infirmary”, but it rapidly became more generally known as 
“Moorfields Eye Hospital” (Fig. 2). It was not the first Moorfields 
Hospital, however, for the Bethlehem Royal Hospital for Lunatics had been 
built in Moorfields in 1675. 


Fic. 2.—The second hospital. 
The London Ophthalmic Infirmary, 1822. 
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On November 12, 1822, an introductory lecture announcing the arrange- 
ment of a course of instruction was given by Dr. Farre, who was thus the 
first to institute a planned scheme of instruction for the students; he was 
also instrumental in stressing in this scheme the paramount importance of 
relating clinical signs and symptoms with pathological findings. 

The Duke of York, the Infirmary’s first Patron, died in 1827, and the 
Duchess of Kent and her daughter Princess Victoria, the heiress presumptive 
to the throne, gave their consent for their names to be placed as Patronesses 
to Moorfields. The Board of Governors thereupon decided that the name 
of the Infirmary should be changed to the “Royal London Ophthalmic 
Hospital, Moorfields”, and after Queen Victoria’s accession to the throne 
in 1837 her patronage continued throughout her long reign. 

As the fame of the Hospital extended, there was a progressive increase in 
the number of out-patients and the annual number of new patients was 
doubled in the course of 10 years. In 1841, there were 5,043, and in 1851, 
11,384 patients. The out-patient department was therefore enlarged, and 
another assistant surgeon, a Mr. Wordsworth, a descendant of a collateral 
branch of the poet’s family, was eventually appointed to the staff. Although 
not relevant to the present discussion, a story related of him by Treacher 
Collins may be worth the telling. Wordsworth resided and practised in 
Finsbury Square, the fashionable medical residential quarter in London at 
that time, but his private patients were few and far between. He therefore 
employed a page-boy to fetch him from the hospital if any patient should 
happen to call at his rooms whilst he was engaged on hospital duties. One 
day the boy came hurriedly to the hospital, to announce the arrival of a 
patient. “Will he wait until I get round?”, Wordsworth asked the boy. 
‘“*T am quite certain he will”, replied the boy, “for I have locked him in”. 
Wordsworth then told his house surgeon that he had been called away to 
see a private patient, and away he went with the boy. To everyone’s great 
surprise he returned after only a few minutes, and noting the look of inquiry 
on their faces, ruefully explained that it had been only the tax-collector. 

In 1854, in order to help non-medical missionaries, a departure from the 
usual custom was made when the Committee of Management obtained the 
consent of the medical staff to admit non-medical personnel to the practice 
of the hospital, provided that a missionary society certified that they were 
about to proceed on missionary duties abroad. A letter was circulated to 
the missionary societies and a large number of both men and women availed 
themselves of these facilities. 

As the work increased, the medical board of the hospital proposed in 
1856 that some of the younger doctors should be elected to serve as assistants 
to the surgeons. They had in mind that thus they could not only assist in 
the clinical work of the out-patient department, but also, given this oppor- 
tunity, might practise and teach their skill in all parts of the world on 
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relinquishing their appointments. In this way for the first time an organized 


scheme of training was introduced which was designed to send out from 
Moorfields fully-trained ophthalmologists to fill consultant vacancies not 
only throughout England but over a large part of the globe. 

In 1859 the clinical teaching was supplemented by a 3 months’ course of 
lectures in ophthalmic surgery given by Sir George Critchett and Sir William 
Bowman, attendance at which enabled students to comply with the rules of 
the Royal College of Surgeons of England for obtaining a certificate of 
proficiency; in 1864, evening ophthalmoscopic demonstrations were started 
for the students and were conducted in turn by different members of the staff. 

When the Eye Infirmary was first built in Moorfields in 1821 the district 
was extremely quiet, but by 1899 when the Eye Hospital was transferred to 
City Road, it had become one of the busiest and noisiest quarters of the 
city, mainly because of the opening of the Broad Street and Liverpool Street 
railway stations almost opposite the hospital itself. Moreover, the greater 
facilities for travel offered by the railways led to a marked increase in the 
number of out-patients. A new wing providing an additional 36 beds was 
therefore added to the south side of the hospital in July, 1870, and a further 
storey, built onto the main building, was opened in 1875, the total accom- 
modation being thus increased to 45 beds for male patients and 51 for 
women and children. The design of these additions was apparently not 
everything that could be desired, however, and Treacher Collins noted 
amongst other defects a curious device of placing the fireplaces immediately 
beneath the windows. This necessitated an elbow-shaped bend in the flue 
where soot collected and regularly caught fire, causing consternation and 
excitement amongst the patients and resident staff. The addition of the 
wing, however, made more laboratory space available, and courses of 
instruction in the practical pathology of the eye were thereupon commenced 
by the curator. 

In 1873, a Canadian, Frank Buller, was appointed house-surgeon, and, 
subsequently returning to Montreal, became the pioneer of ophthalmic 
surgery in Canada. In so doing Buller forestalled another young Canadian, 
named William (afterwards Sir William) Osler, who had come to Moorfields 
to study eye diseases with the same end in view, but learning there of Buller’s 
intentions abandoned the: practice of ophthalmology for that of general 
medicine. 


Although the original Moorfields Hospital was enlarged and altered to 
meet increasing demands, it eventually became impossible to cope adequately 
with the growing number of patients, students, and trained ophthalmologists 
from all parts of the world whom its spreading reputation drew to the 
hospital, and it became obvious that nothing but a new building would meet 
its requirements. After several sites had been explored, a lease was eventu- 
ally obtained for 999 years from March, 1894, of what was termed the City 
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Road and Peerless Street site, at a rent of £1,210 per annum, and on May 28, 
1897, the Prince of Wales (afterwards King Edward VII) on behalf of Queen 
Victoria laid the foundation stone of the new hospital. The new building 
was Officially opened as the Royal London Ophthalmic Hospital by the 
Duke and Duchess of York (afterwards King George V and Queen Mary) on 
June 28, 1899 (see left-hand side of Fig. 3, opposite). The old hospital was 
sold for £78,500 while the new hospital cost approximately £85,000. It is 
interesting to note that the cost of maintenance of the old building was about 
£8,000 per year, whilst that of the new hospital was estimated at approximately 
£11,000 per annum in 1899, a figure which may be compared with the present 
annual expenditure of £850,000. 


In the new hospital a large room was set apart as a lecture theatre and, as 
the teaching became more systematized and the number of students increased, 
a Dean was appointed to supervise the classes and to advise the students 
about their studies; to this post Mr. Holmes Spicer was officially elected in 
1899, although successive surgeons had almost certainly carried out the 
same office previously, at least since the appointment of William Bowman. 
The teaching at Moorfields up to 1920, when the Royal College of Physicians 
of London and the Royal College of Surgeons of England established a 
diploma of ophthalmology, was almost entirely clinical and pathological. 
In order to obtain the diploma of ophthalmology, however, it became neces- 
sary for students to pass an examination in optics and in the anatomy and 
physiology of the eye and its adnexa. To meet the requirements of candi- 
dates for this examination, therefore, special courses of instruction in these 
subjects were instituted at Moorfields which thus became a complete school 
of ophthalmology. 


The most recent stage in the evolution of the Medical School was reached 
after the Second World War, when the British Postgraduate Medical Federa- 
tion was formed within the University of London, and the Medical School 
of Moorfields was invited to join the Federation as an Institute of Ophthal- 
mology. To coordinate all that was best in London and to circumvent the 
immense difficulties in the immediate post-war period of finding or erecting 
new buildings, the Royal London Ophthalmic Hospital combined with the 
Central London Ophthalmic Hospital (founded in 1843) and later with the 
Royal Westminster Ophthalmic Hospital (founded in 1816), a combination 
confirmed by Act of Parliament on January 1, 1947. Such a combination 
gave scope for wide planning within the three units, so that the old Central 
London Ophthalmic Hospital in Bloomsbury became converted into a 
research and teaching institute, and the other two hospitals in the City Road 
and in High Holborn were united under the historical name of Moorfields 
Eye Hospital, to act as associated clinical units. The first building was 
reconstructed to house laboratories, a library, a museum, and clinical 
research units, and in 1948 the Institute of Ophthalmology was formally 
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Fic. 3.—The present hospital. 
The City Road Branch of Moorfields Eye Hospital as it is now (1960). 
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incorporated into the University of London as its postgraduate school of 
ophthalmology. The official opening ceremony was held on November 4, 
1948, before an audience of delegates of British Universities; British, 
American, and European ophthalmology were represented respectively by 
Sir John Parsons, Prof. Alan Woods, and Prof. H. J. M. Weve. Here 
to-day the Medical School of Moorfields maintains the traditions of 150 
years. 

All who have read ‘The History and Traditions of the Moorfields Eye Hospital’ will know 


how much this article owes to the late Mr. Treacher Collins, and I most gratefully acknowledge 
this debt. 
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SOME OF THE GREAT HISTORICAL FIGURES 
ASSOCIATED WITH MOORFIELDS 


BY 


T. KEITH LYLE 
Institute of Ophthalmology, University of London, and Moorfields Eye Hospital 


JOHN CUNNINGHAM SAUNDERS (Hospital Staff, 1805-1810; Fig. 1) 


Saunders would probably never have started an eye hospital in London but 
for two factors: the influence of Sir Astley Paston Cooper (Fig. 2) and the rule 
that, in order to be a general surgeon on the staff of one of the London 
teaching hospitals, it was necessary to be articled at the College of Surgeons 
for a period of 6 years. 


Fic. 1.—John Cunningham Saunders Fic. 2.—-Sir Astley Paston Cooper, Bart., F.R.S. 
(1773-1810). (1768-1841). 


Saunders was born at Levistone in Devon in 1773, and at the age of 17 
became apprenticed to John Hill, a surgeon at Barnstaple. At the age of 
22 he decided to go to London to study medicine at the then combined 
school of Guy’s and St. Thomas’s. There he met Astley Cooper who 
became Professor of Anatomy. Astley Cooper, impressed by the capability 
of Saunders, asked him to become his private demonstrator of anatomy, a 


post which Saunders held for 3 years. Seeing no hope of his ever getting a 
251 
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hospital appointment in London (as he had not been articled at the College 
of Surgeons), Astley Cooper suggested that he should seek work elsewhere; 
Saunders therefore went to Gravesend to practise general surgery, but had 
not been there long before Astley Cooper asked him to come back to London 
to continue working for him in a part-time capacity. He also suggested 
that Saunders should start in private practice, not as a general surgeon but 
as a surgeon for diseases of the eye and ear. Thus, at the age of 27, he 
started practising in Ely Place, Holborn, in the year 1800. It must have 
taken considerable courage to specialize in eye diseases, for at that time 
such eye treatment as was carried out was almost entirely in the hands of 
_ the itinerant quacks who called themselves oculists. 

The proposition of a hospital for diseases of the eye and ear had the full 
support of the medical staff of Guy’s and St. Thomas’s. Saunders un- 
fortunately died in 1810, at the age of 38, of brain disease, but he had had 
time to make two important contributions to ophthalmology. In 1806 he 
wrote a paper on the use of belladonna for inflammation of the iris, to prevent 
obliteration of the pupil, and in 1808 he published a paper on the treatment 
of congenital cataract by discission of the lens. 


JOHN RICHARD FarRE (Hospital Staff, 1805-1857; Fig. 3) 


Farre, the son of g@ doctor, was born in the Barbadoes in 1775 and met 
Saunders at the Guy’s and St. 

Thomas’s Medical School in 

London. He was the first physic- 

ian on the staff of the new eye 

hospital, a fact which indicates 

that, from the first, the importance 

of the medical aspect of ophthal- 

mology was recognized. Although 

he published practically nothing, 

Farre was said to be a good 

teacher; some of his lectures, 

published in the Lancet, were not 
reassuring—they were packed with 

quotations from the Bible and full 

of protests against materialism— 

but he was a man who inspired 

the warmest regard and affection 

and there is no doubt that he 

worked hard in the interests of the 

hospital. In 1811 he edited and 

a published Saunders’s book entitled 
Fic. 3.—John Richard Farre (1775-1862). “A Treatise on Some Practical 
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Points relating to Diseases of the Eye’’, just one year after the author’s death, 
and he was largely instrumental in starting the Saunderian Institute, a new 
building adjacent to the hospital, to which he donated the sum of £120 
himself. This institution may be regarded as the precursor of the modern 
Institute of Ophthalmology, although at that time it was chiefly concerned 
with the analysis of the vegetable substances of the materia medica. 

In 1828 Farre started a medical] journal entitled ‘““The Journal of Morbid 
Anatomy, Ophthalmic Medicine and Pharmaceutical Analysis, and the 
Transactions of the Medico-Botanical Society’, but only one number 
appeared. He died in the year 1862, at the age of 87 years. His portrait 
(painted by Thomas Phillips, R.A.) shows him sitting in a chair with a 
drawing of a malformed heart in his hand, a portfolio of drawings of path- 
ological specimens (now in the library of St. Bartholomew’s) at his side, 
and a large Bible on the table. 


RICHARD BATTLEY (Hospital Staff, 1805-1818) 


This was the third member of the original staff of the hospital. He also 
was a student of the medical school of Guy’s and St. Thomas’s. Born in 
1770 in Wakefield, he started his medical training in Newcastle, but later 
came to London and after finishing his training became an apothecary 
practising in St. Paul’s churchyard. Battley remained hospital secretary for 

14 years, a most unusual 
post for a medical man. 


BENJAMIN TRAVERS, F.R.S. 
(Hospital Staff, 1810-1817; 
Fig. 4) 
When Saunders died just 
5 years after the hospital 
was founded Astley Cooper 
acted as a locum tenens. 
The vacancy was advertised 
and there were three appli- 
cants: John Stevenson, 
already a pupil at the 
hospital, William Lawrence, 
a demonstrator in Anatomy 
at St. Bartholomew’s, and 
Benjamin Travers. The 
first two both withdrew in 
favour of Travers, an ex- 
14 peugpannd foe oe house pupil of Sir Astley 
Fic. 4.—Benjamin Travers, F.R.S. (1783-1858). Cooper. It is interesting to 
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note that Travers’s father, Benjamin Travers, senior, was Chairman of the 
first committee set up to found the hospital. 

Travers was articled at the Royal College of Surgeons for 6 years and 
subsequently became a surgeon at St. Thomas’s in 1815. He was the first of a 
number of men on the staff of Moorfields who combined ophthalmology with 
general surgery. He was twice elected President of the College of Surgeons. 

Farre and Travers were the men who were essentially responsible for 
starting the medical school in 1811. During the first 7 years there were no 
less than 412 students at the medical school, fifty of whom were physicians. 
They came from many parts of the world including India, America, Germany, 
and Portugal. 

Travers wrote an excellent synopsis of “Diseases of the Eye’’ which he 
dedicated to Dr. Farre, and a paper “‘on a case of pulsating exophthalmos 
treated by ligature of the common carotid artery”. He resigned from the 
hospital in 1817, but continued his appointment as surgeon at St. Thomas’s. 
He died in 1858. 


SiR WILLIAM LAWRENCE, Bart., F.R.S. (Hospital Staff, 1814-1826; Fig. 5) 


Lawrence was elected to the staff in 1814 and resigned in 1826, but he 
continued as a surgeon at St. Bartholomew’s until 1865, when he was 82 
years old, there being at that 
time no set age for retirement. 

He was made  Sergeant- 

Surgeon to Queen Victoria in 

1864, was created a baronet in 

1867, and died shortly there- 

after. 

In 1822 the course of lectur- 
ing at the hospital was adver- 
tised as follows: 

(1) Morbid anatomy and physi- 
ology and general ophthalmic 
medicine, by Dr. Farre 
(occasionally). 

(2) Physiclogy and Diseases of 
the Eye, by Mr. Lawrence 
(on Tuesday, Thursday, and 
Saturday, at 5.30 p.m.). 

(3) Optics, by the Rev. T. Gill 
(Chaplain) (on Thursdays at 
7.0 p.m.)! 


Fic. 5.—Sir William Lawrence, Bart., F.R.S. In those days, since all eye 
(1783-1867). operations had to be performed 
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without any sort of anaesthetic, at least four or five assistants had to be 
employed in order to hold the patient down. The division of labour was 
roughly as follows: 

One assistant to fix the patient’s head, one to depress the lower eyelid and grip 
the chin, one to confine the arms and upper part of the body and one to secure 
the legs and lower part of the trunk. 


Lawrence wrote a book on the “Venereal Diseases of the Eye” and also 
a “Treatise on Diseases of the Eye’. The latter was the best book of pre- 
ophthalmoscopic times and was translated into several languages including 


Arabic. 


FREDERICK TYRRELL (Hospital Staff, 1817-1843; Fig. 6) 


Tyrrell, who married Sir Astley Cooper’s niece, served his apprenticeship 
under him at Guy’s and St. Thomas’s Hospitals and also studied at Edin- 
burgh University; thereafter he worked in the Military Hospital at Brussels 
after the battle of Waterloo. An anonymous writer has claimed that when 
Tyrrell was first attached to Moorfields he operated so clumsily that he was 
suspended from major surgery 
for a year; but as time passed 
by steady perseverance he 
acquired a dexterity with 
either hand that could not 
be surpassed. 

His success depended as 
much on his judicious methods 
of after-treatment as on his 
manual dexterity. His memory 
is preserved in the name of 
“Tyrrell’s hook’, which he 
introduced for the operation 
of making an artificial pupil 
and is still widely used at the 
present time. In 1840 he 
published a book in two 
volumes entitled “A Practical 
Work on the Diseases of the 
Eye and their Treatment, 

Medical, Topical, and by 

Operation”. In 1843, whilst 

attending the auction of the 

house he occupied, he fell = #937 eee 

dead. Fic. 6.—Frederick Tyrrell (1793-1843). 
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Sir WILLIAM Bowman, Bart., F.R.S. (Hospital Staff, 1846-1876; Fig. 7) 


Bowman was elected a Fellow of the Royal Society at the astonishingly 
early age of 25 for his histological work on muscles. He was a general 
surgeon on the staff of King’s College Hospital and served Moorfields for 
30 years. He was the first to employ chloroform anaesthesia for the removal 
of a cataract. History relates that the operation was beautifully executed, 
but unfortunately the patient vomited afterwards and the eye was lost 
because of an expulsive haemorrhage. This did not discourage him and he 
continued to use anaesthesia, usually with great success. 

His name is well known for he is commemorated in the Bowman Lecture 
given in alternate years at the Annual Congress of the Ophthalmological 
Society of the United Kingdom. He was the first President of this society 
and held that office for 3 years. He invented Bowman’s lacrimal probes 
and was the first to provide 
a detailed and accurate des- 
cription of the anatomy of 
the eye as revealed by the 
recently invented compound 
microscope, his name being 
perpetuated in the layer of 
the cornea known as Bow- 
man’s membrane. 

He and his colleague 
George Critchett; both men 
of strong and _ attractive 
personality, were so popular 
as teachers that on retiring 
from Moorfields at the age 
of 60 they were both asked 
by the governing (lay) com- 
mittee to continue to use 
five beds for operating and 
teaching; their medical col- 
leagues would not hear of 
this, however, and they 
both left the hospital some- 
Fic. 7.—Sir William Bowman, Bart., F.R.S. (1816-1892). what disgruntled. 


’ 





Sir JonaTHAN Hutcuinson, F.R.S. (Hospital Staff, 1862-1878; Fig. 8 
opposite). 
Hutchinson was born in York in 1828 of Quaker ancestry. He served on 


the staff of Moorfields from 1862 to 1878, and was also assistant surgeon at 
the London Hospital. He has sometimes been described as the “greatest 
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general practitioner in Europe” and at other times as the “universal 
specialist”. He was a patient and elaborate note-taker and was interested 
in the natural history of disease, as well as in natural history generally. 

Before his appointment to the Moorfields staff, he served as a clinical 
assistant and wrote an interesting article “On the different forms of inflam- 
mation of the eye, consequent upon inherited syphilis”. Included in this 
article was a description of what are now known as Hutchinson’s incisors. 

His teaching was made impressive by ingenious arguments, apt metaphors, 
and quaint expressions, and was driven home by the simplicity and solemnity 
with which they were delivered. He retired from Moorfields largely because 
of the increasing importance of refraction work which did not interest 
him. 


an 


¥% 








Fic. 8.—Sir Jonathan Hutchinson, F.R.S. Fic. 9.—Hughlings Jackson, F.R.S. 
(1828-1913), (1835-1911). 


HUGHLINGS JACKSON, F.R.S. (Fig. 9), the great neurologist, was also one of 
the early clinical assistants at Moorfields, and in later years in his oration at 
the Medical Society of London he said, “I count it as one of the luckiest 
things in my life that I started the scientific practice of my profession working 
in an eye hospital’. 


GEORGE JAMES GUTHRIE, F.R.S. (Hospital Staff, 1816-1856; Fig. 10, overleaf) 


This quite remarkable man, hot tempered and brusque to a degree but 
with great kindness of heart, should be mentioned here. He was born in 
London in 1785 and started his medical career serving as hospital mate and 


dresser to Mr. Carpice, a surgeon to the York Hospital, Chelsea. He 
17* 
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qualified as a member of the College of Surgeons at the early age of 16, anc 
then joined the Army and served with distinction as a surgeon for 15 years, 
taking part in the American and Peninsular Wars and being at one time the 
sole medical officer in charge of 3,000 wounded. Returning to England 
he was put in charge of a ward for desperate cases in York Hospital, Chelsea. 
At that time he was struck by the 
Jack of systematic instruction in 
diseases of the eye and by the slender 
provision for their treatment in 
London. Under the presidency of the 
Duke of Wellington he started an eye 
institution in 1816, known as “The 
Royal Westminster Infirmary for the 
Cure of Diseases of the Eye”, and 
later as “The Royal Westminster 
Ophthalmic Hospital”. At _ first 
Guthrie received patients free of charge 
at his private house at No. 2 Berkeley 
St., on Monday, Wednesday, and Fri- 
day, from 9.30to 11 a.m. The hospital 
moved to Marylebone St., Piccadilly 
(now Glasshouse St.), Warwick St., 
Golden Square, and later to Charing 
Cross. Finally, in 1928, it was rebuilt 
in High Holborn, then called Broad 
St., W.C. 

Guthrie’s hospital catered especially 
for the the instruction of medical 
‘ officers from the Army and Navy. At 
(1785-1856). first he was the only surgeon on the 
staff but subsequently his son joined 

him while Sir Charles Ferguson Forbes was the physician. 

In 1834 Guthrie published the first hospital report; thus anticipating the 
“Moorfields Reports” by 50 years! This first number contained an article 
on cataract extraction and one on “spots” in the human eye. In 1823 he 
published “Surgery of the Eye’’, a well-illustrated and interesting manual. 
He was President of the Royal College of Surgeons on three occasions, 
in 1833, 1840, and 1854. His hospital is now part of Moorfields Eye 
Hospital (the High Holborn Branch) and shares in the clinical instruction of 
students. 
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INFLUENCE OF THE FACIAL NERVE ON 
INTRA-OCULAR PRESSURE* 


BY 


J. GLOSTER 
M.R.C. Ophthalmological Research Unit, Institute of Ophthalmology, University of London 


Stunts of the effects of diencephalic stimulation upon intra-ocular pressure 
have shown that there are, pathways in the central nervous system which, 
when activated, cause a rise or fall in the pressure in the eye independently 
of changes in the systemic blood pressure (von Sallmann and Lowenstein, 
1955; Gloster and Greaves, 1957). It has already been shown that the 
cervical sympathetic trunk is the peripheral pathway for central nervous 
impulses which reduce intra-ocular pressure and that this reduction of 
pressure is probably due to constriction of the ocular blood supply (Gloster 
and Greaves, 1958). With regard to rises in intra-ocular pressure induced 
by diencephalic stimulation, evidence has already been obtained that, in 
some cases, the rise in pressure in the eye was due to a dilatation of ocular 
blood vessels (Gloster, 1959), but the peripheral pathway of the nervous 
impulses responsible for such effects was not known. In view of the 
accepted association between central nervous factors and the occurrence of 
attacks of acute glaucoma, it was clearly important that an attempt should 
be made to discover peripheral nervous pathways mediating rises in intra- 
ocular pressure. 

Perkins (1957) demonstrated that, in the rabbit, stimulation of the 
ophthalmic division of the trigeminal nerve evokes a large rise in intra-ocular 
pressure, but he was of the opinion that this effect was of the nature of an 
axon reflex and not the result of activity of true efferent fibres emanating 
from the central nervous system and influencing the vascular system of the 
eye. 

In the present study an investigation has been made of the possibility that 
the peripheral pathway for centrally-induced rises in intra-ocular pressure is 
in the parasympathetic component of the seventh cranial nerve. Briefly, 
the work has proceeded along the following lines. Rises in intra-ocular 
pressure, of a type believed to have a vascular causation, were elicited by 
diencephalic stimulation in cats and the effect of dividing the facial nerve at 
the internal auditory meatus was studied; the results suggested that the 
seventh nerve was the peripheral pathway of these rises in intra-ocular 
pressure but were not conclusive. The next step was to stimulate the facial 
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nerve at the point where the greater superficial petrosal nerve, which carries 
a number of the parasympathetic fibres, leaves the main part of the nerve. 
In both cats and rabbits this procedure led to a rise in intra-ocular pressure. 
The fibres of the facial nerve were then stimulated in the floor of the fourth 
ventricle in rabbits; this also gave an increase in intra-ocular pressure, which 
was abolished after peripheral destruction of the facial nerve at the point 
of emanation of the greater superficial petrosal nerve. In addition, the 
effects of some drugs upon the increase in intra-ocular pressure caused by 
stimulation of the facial nerve were studied. 













Methods 


All experiments were carried out under general anaesthesia, using chloralose 
(80-120 mg./kg. intravenously) after ether induction for cats, and urethane (1-75- 
2-5 g./kg. intravenously) for rabbits. Intra-ocular pressures and femoral arterial 
pressure were recorded as previously described by Perkins (1957). In a consider- 
able number of animals the blood pressure was rather low, but could often be 
improved, temporarily at least, by the intravenous injection of Dextran 20-40 ml. 













(a) Diencephalic Stimulation and Intra-cranial Division of the Facial Nerve 


Cats were prepared for diencephalic stimulation, using the stereotaxic procedure 
adopted by Gloster and Greaves (1957), and the technique of stimulation was that 
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described previously (Gloster, 1959). In addition, a trephine-hole was made in 
the roof of the posterior fossa and enlarged with bone-forceps, and cerebellum 
was removed until the internal auditory meatus could be seen. The electrode was 
then inserted into the diencephalon in a position likely to give the type of rise in 
intra-ocular pressure to be investigated, and a stimulus was applied for 15 seconds. ¢ 
(This short duration of stimulation was necessary since it was found that with I 
more prolonged stimulations the response could not be obtained again until a 8 
period of 15 to 20 minutes had elapsed.) If necessary, the position of the electrode tl 
was altered until the required rise in intra-ocular pressure was obtained. The Tr 
response to two or three stimulations was recorded and then the seventh and th 
eighth cranial nerves were divided at the internal auditory meatus. This pro- fc 
cedure could be carried out without displacing the diencephalic electrode because In 
in the cat the tentorium cerebelli is ossified and the contents of the middle and by 
anterior cranial fossae are not affected by small manipulations in the posterior at 
fossa. After the seventh nerve had been divided the diencephalic stimulation was th 
repeated several times without altering the position of the electrode. After the te 
animal had been killed the brain was removed and histological sections prepared co 
to demonstrate the position of the stimulating electrode (Gloster and Greaves, ca 
1957). of 
ele 
(6) Stimulation of the Greater Superficial Petrosal Branch of the Facial Nerve (c) 





When a cat was used, the head was mounted in the stereotaxic instrument and 
a longitudinal incision was made in the scalp and a second incision at right angles 
to this running down posterior to the right external ear. The soft tissues were 
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reflected downwards to expose the right facial nerve as it emerged from the stylo- 
mastoid foramen. With a small electrically driven dental burr, bone was carefully 
removed to expose the nerve in the facial canal, starting at the stylomastoid 
foramen and following the nerve centrally until it passed medially to the point at 
which the greater superficial petrosal nerve leaves the main trunk of the facial 
nerve. It was possible to open up the facial canal in this way sufficiently far for 
a straight electrode to be inserted so that its tip lay at the origin of the greater super- 
ficial petrosal nerve. The electrode used was a stainless steel needle, 0-33 mm. 
external diameter, insulated by three layers of Damarda lacquer L.2138; the 
insulation was scraped off the end of the needle for a distance of 1 mm. This 
electrode was held in position by suitable supporting clamps fixed to the stereotaxic 
instrument. The tip of a second similar electrode was then inserted into the 
opened facial canal so that its tip lay about 2 mm. externally to the tip of the first 
electrode. The stimulating current was passed between these two electrodes in 
order to apply as localized a stimulus as possible to the greater superficial petrosal 
nerve. 

When a rabbit was used, the head was mounted in a head-holder and an incision 
was made in the skin below and posterior to the root of the pinna. The soft tissues 
were divided and reflected until the facial nerve was seen as it emerged from the 
stylomastoid foramen. Part of the bone forming the external auditory meatus 
was exposed and excised, and after the bone covering the facial canal had been 
removed an opening was made into the middle ear cavity. There was only a very 
thin layer of bone which separated the nerve from the middle ear cavity and this 
was easily removed so that the nerve could be seen running along the medial wall 
of the cavity. After removing the auditory ossicles the nerve could be seen clearly 
at the point where it disappeared into the dense bone of the petrous temporal; 
from this point the canal ran quite straight for a distance of 3-4 mm. to the origin 
of the greater superficial petrosal nerve. A straight electrode could then be 
inserted into this part of the canal so that its tip lay beneath the origin of the 
greater superficial petrosal nerve; the tip of the electrode automatically reached 
this point and could not be pushed further because the facial canal bends sharply 
medially at the origin of the greater superficial petrosal nerve. Since the tip of 
the electrode was unable to move further and since the electrode was supported 
for a distance of 3-4 mm. in the facial canal, it was only necessary to apply gentle 
inward pressure to keep the electrode firmly in position. This pressure was applied 
by fastening a small piece of perspex to the electrode about 2 cm. from its tip and 
attaching a small looped rubber band to this; the loops of the rubber band were 
then attached to the soft tissues by means of sutures, the necessary amount of 
tension in these anchoring sutures being easily adjusted. In some experiments, a 
concentric bipolar electrode, 0-45 mm. external diameter, was fixed in the facial 
canal, but unfortunately the canal was often not large enough to admit this type 
of electrode, and a single electrode had to be used in conjunction with an indifferent 
electrode in the rectum of the rabbit. 


(c) Stimulation of the Facial Nerve in the Floor of the Fourth Ventricle 

In the rabbit, the nucleus of the seventh cranial nerve is situated in the ventro- 
lateral regions of the pons, and the axons emanating from the nucleus run dorsally 
and medially in a fairly well-defined band. On each side of the mid-line, this band 
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of axons passes around the medial and then the dorsal aspect of the nucleus of 
the sixth nerve, so that just beneath the floor of the fourth ventricle the fibres of 
the nerves on the two sides approach each other closely. It was thought that 
stimulation in this area should therefore evoke a bilateral effect on the intra-ocular 
pressure. The problem was how to place the stimulating electrode in a suitable 
position, having regard to the fact that the use of standard stereotaxic techniques 
is difficult in the rabbit. By cutting frontal sections of the heads of dead animals 
it was found that the point at which the facial nerve disappeared into the petrous 
temporal bone (which could be seen from the middle ear cavity as described in the 
dissection above) gave a good indication of the antero-posterior and vertical levels 
of the point where the fibres of the right and left facial nerves come into juxta- 
position beneath the floor of the fourth ventricle. The head of the animal was 
mounted in a head-holder, and the latter was fixed in the stereotaxic instrument, 
taking care that the longitudinal axis of the head corresponded with the antero- 
posterior axis of the instrument. The stereotaxic instrument was used not so that 
the tip of the electrode could be orientated by the standard techniques, but merely 
to provide a suitable electrode carrier by means of which the tip of the electrode 
could be moved accurately in directions parallel to the longitudinal and transverse 
axes of the head of the animal. After the dissection described above had been 
carried out, the position of the point at which the facial nerve disappeared from 
the middle ear cavity into the petrous temporal bone could be determined with 
regard to vertical and antero-posterior co-ordinates; it was then only necessary to 
displace the tip of the electrode medially to the median plane of the head in order 
to get it into the correct position, i.e. just beneath the floor of the fourth ventricle 
at the point where the fibres of the right and left facial nerves come close together. 
The sagittal suture was used as a guide to the median plane and a burr-hole, 
1-5 mm. in diameter, was drilled in the vault of the skull through which the elec- 
trode could be inserted. It was found necessary to modify the mounting of the 
electrode carrier on the stereotaxic instrument so that the electrode, instead of 
being inserted vertically, was inserted with a tilt of 30°, the tip of the electrode 
being anterior to its other end. This modification was required because, with 
vertical insertion of the electrode, the burr-hole in the skull had to be drilled at 
the point of confluence of some of the larger venous sinuses, a procedure which 
led to uncontrollable haemorrhage. After the animal had been killed, the brain 
was removed and the usual histological procedures were carried out in order to 
verify the position of the electrode. 


Results 


(a) Diencephalic Stimulation before and after Division of the Facial Nerve 


Fig. 1 (opposite) illustrates an experiment in which diencephalic stimulation 
gave a rise in pressure in the right eye (Stim. 1) which could not be attributed 
solely to the small accompanying rise in blood pressure for reasons which have 
already been given (Gloster, 1959). Between the two stimulations shown in 
Fig. 1, the facial nerve was divided at the internal auditory meatus, and in 
the subsequent stimulation it can be seen that the rise in right intra-ocular 
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Fic. 1.—Diencephalic stimulation in a'cat. Electrode position 12 mm. anterior to inter-aural 
line, 2 mm. to right of mid-line, at level of junction of thalamus and hypothalamus. Between 
the two stimulations illustrated, the seventh and eighth cranial nerves were divided at the 
internal auditory meatus. Stimulus 3-2 v, 12-5 msec., 10 c/s. 

(The position of the record of left intra-ocular pressure was altered between the two stimula- 


tions shown.) 
In this and the succeeding illustrations, Blood Pressure= ry yee arterial pressure, and the 
interval between successive vertical lines indicates a period of 60 


pressure was considerably less, although the rise in blood pressure and the 
small increase in pressure in the left eye were not significantly different from 
the corresponding responses in the first stimulation. In a second cat, an 
almost identical result was obtained. There was a less marked diminution 
of the rise in intra-ocular pressure in a third cat, and in a fourth cat section . 
of the facial nerve did not appear to have any influence on the response. 


(b) Stimulation of the Facial Nerve at the Origin of the Greater Superficial 
Petrosal Nerve 


If the facial nerve had not been divided at the stylomastoid foramen, 
stimulation caused rhythmic twitching of the muscles supplied by the motor 
fibres of the facial nerve, i.e. muscles of the face, scalp, the platysma, and the 
eyelids. This twitching occurred on the side of stimulation and stopped 
instantly on cessation of stimulation. Such motor effects were absent if the 
facial nerve had been divided at the stylomastoid foramen, but it was found 
that in some animals there was also a fine bilateral nystagmus; this was 
considered to be due to a slight spread of stimulation to the vestibular 
division of the eighth nerve which, after entering the internal auditory 
meatus with the facial nerve, lies extremely close to the latter for a short 
distance. The vestibular origin of the nystagmus was proved in one animal, 
since, during the dissectionsa small opening was made into the lateral semi- 
circular canal, and when the tip of the electrode was placed in this aperture 
and a stimulating current applied, bilateral nystagmus (with no other 
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muscular effects) was obtained. These motor reactions sometimes produced 
complex changes in the pressure in both eyes through direct pressure on the 
globe of the extra-ocular muscles or the muscles of the eyelids, as can be 
seen in Fig. 2, which illustrates the response obtained in a cat. In this 
animal stimulation on the right side at the origin of the greater superficial 
petrosal nerve produced a small rise in blood pressure, together with slight 
muscular twitching of the right facial muscles and bilateral nystagmus. In 
the right eye, there was a small abrupt fall in pressure at the beginning of 
stimulation, followed by a rise of about 2-5 cm. saline, and the pressure 
returned to normal in about 30 seconds after cessation of stimulation. In 
the left eye there was a smaller rise in pressure and, in contrast to the right 
eye, there was an abrupt fall in pressure on cessation of stimulation. 
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Fic. 2.—Stimulation of right 
facial nerve in a cat. Stimulus 
3-2 v, 12-5 msec., 10.c/s. 
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Fig. 3 shows the results of three successive stimulations of the right facial 
nerve in another cat. In the first stimulation, there was some twitching of 
the muscles of the right side of the face, but no nystagmus, and the right 
pupil dilated very slightly (about 1 mm.); the figure shows that there was no 
significant change in blood pressure, a definite increase in right intra-ocular 
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Fic. 3.—Stimulation of right facial nerve in a cat. 
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pressure, and some rather complex changes in pressure in the left eye. The 
latter could perhaps be due to changes in the tone of the extra-ocular muscles 
induced by a small spread of stimulation to the vestibular branch of the 
eighth cranial nerve, and to eliminate all possibility that striated muscular 
activity was responsible for these changes in intra-ocular pressure, Flaxedil 
(gallamine triethiodide) was injected intravenously. Between the first and 
second stimulations in this animal, Flaxedil was given in a dose of 2 mg./kg.; 
this caused cessation of spontaneous respiration and the animal was respired 
artificially by means of a pump. During the first 60 seconds of the second 
stimulation, there was still a very slight twitching of the vibrissae of the 
right side and although barely perceptible these oscillations showed that 
there was still some striated muscular activity. Accordingly, an additional 
dose (1 mg./kg.) Flaxedil was given, and at the third stimulation there was 
not the slightest visible evidence of muscular activity. Fig. 3 shows that 
aitcr the abolition of striated muscular effects there were no significant 
chanyes in the left intra-ocular pressure. In all three stimulations, the blood 
pressure showed no sustained change during stimulation but there was a 
rise in pressure of about 3 cm. saline in the right eye; the magnitude of this 
effect was undiminished after the abolition of all striated muscular activity 
with Flaxedil, although the character of the response was perhaps altered 
slightly with regard to the initial rate of elevation of pressure. It is to be 
noted that at the third stimulation which lasted for 5 minutes the rise in 
pressure in the right eye was maintained for the full period of stimulation. 
It was also observed during the third stimulation that there was a minute 
dilatation of the right pupil, that there was not the slightest visible evidence 
of any movement of the nictitating membrane, and that there was some 
lacrimation in the right eye (but not in the left) and also some salivation. 
Fig. 4 shows the effect of a prolonged stimulation in another cat. Just 
before this stimulation, Flaxedil was given to eliminate the possibility that 
any rise in intra-ocular pressure was due to striated muscular activity. 
Before giving Flaxedil, the responses of the blood pressure and intra-ocular 
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Fic. 4.—Stimulation of right facial nerve in a cat. Stimulus 3-2 v, 12-5 msec., 10 c/s. 
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pressures were those shown in Fig. 2. From Fig. 4 it will be noted that witi: 
a stimulation which persisted for 16 minutes, the intra-ocular pressure rose 
gradually all the time, although the systemic blood pressure remained almost 
constant. The final rise in pressure in the right eye amounted to about 
6 cm. saline, and at the cessation of stimulation the pressure began to fall 
immediately towards its original value. Stimulation also produced lacrima- 
tion in the right eye of this animal and there was slight salivation. 

The technique described was used on five cats and similar effects were 
obtained in all animals. In two animals, the effects were less definite, but 
in another cat the rise in intra-ocular pressure was unusually large, amounting 
to 14 cm. saline. Lacrimation in the eye on the stimulated side and slight 
salivation were obtained in all five animals. 

In rabbits, the responses obtained were generally similar to those described 
for cats. Fig. 5 shows the effect of stimulation of the right facial nerve at 
the origin of the greater superficial nerve. In this animal there was no 
nystagmus, but both eyes moved slightly at the beginning of stimulation 
and then remained still; there were no other motor effects (the facial nerve 
having been divided at the stylomastoid foramen), no change in the rate or 
rhythm of respiration, and no alteration in the size of the pupils. In the 
right eye there was marked lacrimation and salivation was also produced. 
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Fic. 5.—Stimulation of right 
facial nerve in a rabbit. 
Stimulus 1-8 v, 12-5 msec., 
10 c/s. 
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There was a transient fall in blood pressure of about 15 mm. Hg. The right 
intra-ocular pressure showed an initial abrupt elevation and then a more 
gradual rise; as soon as stimulation ceased the pressure began to fall. In 
the left eye the pressure rose rapidly as soon as stimulation began, but then 
began to fall slowly. The changes in pressure were ascribed in the left eye 
wholly and in the right eye partly to changes in tone of the extra-ocular 
muscles due to slight spread of the stimulation to the vestibular division of 
the eighth cranial nerve. 

On occasions, these muscular effects produced highly complex alterations 
in intra-ocular pressure. In the animal shown in Fig. 6 (opposite), the 
first stimulation caused definite nystagmus in both eyes, but there were no 
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Fic. 6.—Stimulation of right facial nerve in a rabbit. 
Flaxedil was injected intravenously. Stimulus 2-2 v, 12-5 msec., 10 c/s. 
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other motor effects, no respiratory change, and no pupillary activity. 
Lacrimation occurred in the right eye, but salivation was not noticed. 
There was a transient fall in blood pressure, while the responses of the intra- 
ocular pressure are best judged from the illustration. In order to eliminate 
changes in intra-ocular pressure attributable to muscular pressure on the 
eyeballs, Flaxedil (2 mg./kg.) was injected intravenously and artificial 
respiration started. On repeating the stimulation, there was no fall in the 
blood pressure (this modification of the response after giving Flaxedil was 
unusual) and no change in the left intra-ocular pressure, but a rise in the 
pressure of about 8 cm. saline occurred in the right eye; there was now not 
the slightest movement of either eye during stimulation. 
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The effects of stimulation of the facial nerve in three other rabbits are 


illustrated in Figs 7, 8, and 9. The rise in right intra-ocular pressure shown 


in Fig. 7 was accompanied by lacrimation, but there was no nystagmus nor 
any other motor effect, and the animal had not been given Flaxedil. 


Fic. 7.—Stimulation of right facial nerve in 
a rabbit. Stimulus 1-3 v, 12°5 msec., 10 c/s. 
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The response shown in Fig. 8 differs from the others in that it was obtained 
by using a concentric bipolar electrode in the facial canal. In this animal 
stimulation produced nystagmus and lacrimation in the right eye only, but 
there was no salivation or pupillary change. Before the stimulation illus- 
trated, Flaxedil had been given to eliminate striated muscular activity, but 
a rise in the pressure in the right eye was clearly obtained. That striated 
muscular activity has nothing to do with the production of this rise in intra- 
ocular pressure was proved also in this rabbit because, when the effect of 
Flaxedil had worn off, stimulation again produced nystagmus in the right 
eye, but the rise in pressure was less than when the eye was immobile. 
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Stimulation 
Fic. 8.—Stimulation of right facial nerve in a rabbit. Stimulus 4 v, 


12-5 msec., 10 c/s. 
Fig. 9 shows a rise in intra-ocular pressure in the right eye which was 
obtained in another rabbit. The sole motor effect was an extremely fine 


oscillation of the right eye, perceptible only as a minute movement in the 
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Fic. 9.—Stimulation of right facial nerve in a rabbit. Stimulus 1-7 v, 
12-5 msec., 10 c/s. 
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reflection of a point of light from the lower part of the cornea. Flaxedil 
was not given before the response illustrated, but when given later it did not 
abolish the rise in intra-ocular pressure. The response shown was accom- 
panied by lacrimation in the right eye, but salivation was absent and neither 
pupil changed in size. 

From the responses illustrated above, it can be seen that, if the effects of 
muscular pressure on the globe are insignificant or have been eliminated, 
stimulation of the facial nerve in the rabbit causes a rise in pressure in the 
eye on the same side as the stimulating electrode. There is sometimes a 
small and fairly rapid initial rise in pressure which is succeeded by a more 
gradual rise. The rise in pressure is maintained until the end of stimulation, 
after which there is a return to normal pressure over a period of a few 
minutes; the fall at the end of stimulation was never abrupt. Although the 
responses varied in some respects from animal to animal, there were sufficient 
features in common to make it clear that the same type of rise in intra-ocular 
pressure could be obtained repeatedly. 

The technique described for stimulation of the facial nerve was applied in 
22 rabbits, using bipolar stimulation in five, and unipolar stimulation in the 
remaining seventeen. The voltage applied varied between 3 and 4-5 v with 
bipolar stimulation and between 0-9 and 3-2 v with unipolar stimulation; 
the pulse width was 12-5 msec. and the pulse frequency 10 c/s. Of the 22 
rabbits, five did not give a characteristic rise in intra-ocular pressure, ten 
gave a definite rise in pressure of 1 to 3 cm. saline, and seven gave rises in 
pressure of more than 4 cm. saline, the greatest being 11 cm. These figures 
give only an approximate indication of the incidence of weak and strong 
responses because in a number of stimulations the intra-ocular pressure was 
still rising slowly at the end of stimulation. The characteristic rise in pres- 
sure occurred only in the eye on the same side as the stimulating electrode. 
Lacrimation in the eye on the side of stimulation was produced in all 22 
rabbits, although in two it was very slight, but salivation was observed less 
frequently. 


(c) Stimulation of the Facial Nerve in the Floor of the Fourth Ventricle 


In this series of experiments the intention was to place the tip of the 
stimulating electrode 0-5 to 1 mm. below the floor of the fourth ventricle, 
exactly in the mid-line of the brain in a region where the fibres emanating 
from the right and left facial nerve nuclei come into juxtaposition. Histo- 
logical preparations showed that this position was achieved in five out of 
fourteen rabbits in this series; one of the stained sections is reproduced in 
Fig. 10 (overleaf). Ina further five rabbits, the position of the electrode was 
similar except for a deviation of 0-5to 1 mm. to one side of the mid-line. In 
three rabbits, the electrode was in the mid-line but not at the correct height; in 
one the tip had not penetrated the roof of the fourth ventricle and lay in 
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Fic. 10.—Section through cerebellum and pons of a rabbit, stained with haemotoxylin 
andeosin, to show position of tip of stimulating electrode in floor of fourth ventricle. 
E=Position of tip of electrode 
R VII= Fibres of right facial nerve 
L VII= Fibres of left facial nerve 
V= Fourth ventricle. 


the extreme ventral part of the cerebellum, and in two the tip of the electrode 
was about 2 mm. below the floor of the fourth ventricle. In the remaining 
rabbit, the tip of the electrode was about 1 mm. from the mid-line and about 
1-5 mm. below the required level. 

In all five rabbits in which the tip of the electrode was exactly in the 
required position, stimulation gave a rise in pressure in both eyes. A marked 
response is seen in Fig. 11 (opposite); there was scarcely any change in the 
systemic blood pressure, but the intra-ocular pressure began to rise in both 
eyes at the commencement of stimulation and continued to do so, until the 
cessation of stimulation when the pressures in both eyes fell gradually to 
their original levels. During stimulation, the vibrissae on the right side 
were oscillating slightly, indicating that the motor fibres of the facial nerve 
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Fic. 11.—Stimulation in mid-line in floor of fourth ventricle of a rabbit. Stimulus 2-8 v, 
12-5 msec., 10 c/s. 


were being stimulated, and much weaker movements were visible on the left 
side; these movements stopped abruptly when stimulation ceased. There 
were no other motor effects and no movements of the nictitating membranes, 
so that there was a complete absence of any evidence to suggest that smooth 
muscular activity contributed to the rise in intra-ocular pressure. In another 
stimulation, after Flaxedil had been given, similar rises in intra-ocular 
pressure were obtained, and this observation demonstrated that striated 
muscular contractions could have nothing to do with the elevation of 
pressure. During the stimulation illustrated in Fig. 11, lacrimation was 
observed in both eyes and there was some salivation, but the pupils did not 
change in size. The rises in intra-ocular pressure in this animal were the 
largest observed in this series of experiments, the bilateral effects in the 
remaining rabbits being considerably smaller. 

In five animals, the tip of the electrode lay slightly to one side of the mid- 
line; in one of these rabbits there was no rise in pressure in either eye during 
stimulation and in another there was a very small bilateral rise. In the 
three remaining animals, stimulation caused a definite rise in pressure in 
the eye on the same side of the mid-line as the tip of the electrode; such an 
effect is illustrated in Fig. 12 (overleaf), from which it is clear that the response 
of the intra-ocular pressure is remarkably similar to that obtained by stimula- 
tion in the facial canal in other rabbits. The rise in intra-ocular pressure shown 
in Fig. 12 was not accompanied by any motor effects, because the facial 
nerve on the left side had been divided at the stylo-mastoid foramen; 
lacrimation was observed in the left eye and there was no change in the size 
of the pupils. 

In some experiments, after obtaining a rise in pressure in one or both 
eyes by stimulation in the floor of the fourth ventricle, the facial nerve was 
destroyed at the point in the facial canal where the greater superficial 
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Fic. 12.—Stimulation slightly to 
left of mid-line in floor of fourth 
wa ventricle of a rabbit. 
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Stimulus 2-2 v, 12-5 msec., 10 c/s. 
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petrosal nerve leaves the main trunk of the nerve. This was done by 
inserting a hypodermic needle into the canal from the middle ear cavity and 
rotating the needle about its axis repeatedly; at the conclusion of the experi- 
ment, when the animal had been killed, the facial canal was opened in order 
to verify that all connexion between the greater superficial petrosal nerve 
and the facial nerve had been destroyed. This procedure was carried out 
on five rabbits, and two such experiments are illustrated in Fig. 13 and in 
Fig. 14 (opposite). 

During the two stimulations shown in Fig. 13, the only motor effect was 


Intra-ocular Pressure 
cm. HO 


a slight nystagmus of the right eye. There was no change in respiration, 
the pupils remained unchanged in size and salivation occurred. The first 
stimulation caused little change in the systemic blood pressure, lacrimation 
in both eyes, and a bilateral rise in intra-ocular pressure. The greater 
superficial petrosal nerve was then destroyed at its origin on the left side and. 
in the subsequent stimulation lacrimation was obvious in the right eye 
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Fic. 13.—Stimulation in mid-line in floor of fourth ventricle of a rabbit. Between the two 
stimulations shown the left facial nerve was destroyed at the origin of the greater superficial 
petrosal nerve. Stimulus 3-5 v, 12-5 msec., 10 c/s. 
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only; as the illustration shows, the second stimulation evoked scarcely any 
change in blood pressure and there was no significant change in the left 
intra-ocular pressure, while the pressure in the right eye rose as in the 
previous stimulation. 

In the experiment shown in Fig. 14, the tip of the electrode lay in the 
floor of the fourth ventricle slightly to the left of the mid-line, and it can be 
seen that stimulation caused no change in the right intra-ocular pressure, 
although some lacrimation was observed in this eye. During the first 
stimulation, lacrimation also occurred in the left eye and there was a small 
but definite rise in the intra-ocular pressure in the left eye. Between the 
two stimulations shown in Fig. 14 the origin of the greater superficial 
petrosal nerve was destroyed on the left side and stimulation was applied 
again in the floor of the fourth ventricle. The responses of the blood 
pressure and intraocular pressure in the right eye were unchanged after 
destruction of the petrosal nerve on the left side, but the small rise in pressure 
in the left eye gave place to a fall in pressure. 
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Fic. 14.—Stimulation slightly to left of mid-line in floor of fourth ventricle in a rabbit. 
Between the two stimulations shown the left facial nerve was destroyed at the origin of the 
greater superficial petrosal nerve. Stimulus 2-8 v, 12-5 msec., 10 c/s. 


Similar results were obtained in four out of five experiments of this type, 
a rise in pressure in one eye evoked by stimulation in the fourth ventricle 
being abolished by division of the greater superficial petrosal nerve. In the 
fifth experiment of this type, the effect of dividing the nerve was not con- 
vincing. 


(d) Effects of Various Drugs upon the Rise in Intra-ocular Pressure produced 

by Stimulation of the Facial Nerve 

_In the course of the experiments described above various drugs were 

injected. Flaxedil, as already mentioned, was given in some animals to 
18 
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eliminate all possibility that striated muscular activity played a part in the 
production of the rise in intra-ocular pressure. As already stated the rise 
in pressure was not reduced by Flaxedil; in fact, it seemed that sometimes 
the effect was potentiated by Flaxedil. 

Atropin was injected intravenously in a dosage of 1 mg./kg. body weight 
in three cats and five rabbits. In one cat, atropin caused a definite reduction 
of the rise in intra-ocular pressure, while in the other two cats there was only 
a slight diminution of the response; in all five animals lacrimation and 
salivation were not produced by stimulation after atropin had been given. 
In one of the five rabbits, lacrimation and salivation occurred during stimu- 
lation after atropin and it was concluded that this animal was atropin- 
resistant. In the four remaining rabbits, atropin completely abolished both 
lacrimation and salivation, but the effect upon the rise in intra-ocular 
pressure was variable; in one rabbit there was a definite reduction in the 
rise, in another there was a slight diminution, and in the two remaining 
rabbits there was no change in the response. Despite this variability it can 
be said with certainty that the effect was not abolished by atropin. 

Eserine was injected intravenously in a dosage of 0-5 mg./kg. in four 
rabbits. Again, the effect of the drug was variable; in one animal the rise 
in intra-ocular pressure was definitely abolished, and in the remaining three 
rabbits the response was unchanged. The response was certainly not 
potentiated by eserine. 

Dibenylene (3 mg./kg.) was administered intravenously in one cat and, 
despite the large reduction in systemic blood pressure caused by this drug, 
the rise in intra-ocular pressure evoked by stimulation of the facial nerve 
was clearly unaffected. 

In two rabbits, acetazoleamide sodium (Diamox) injected intravenously 
in a dosage of 50 mg./kg. was found to have no effect upon the response of 
the intra-ocular pressure. 
Discussion 

These experiments have shown that the electrical stimulation of the facial 
nerve frequently causes a rise in intra-ocular pressure in anaesthetized cats 
and rabbits. When the stimulus is applied to the greater superficial petrosal 
nerve, the rise in pressure is confined to the ipsilateral eye. When the 
stimulus is applied to the fibres of the facial nerves of the two sides simul- 
taneously by placing the electrode in the floor of the fourth ventricle in the 
mid-line, then a bilateral rise in intra-ocular pressure is obtained. It is clear 
that the rise in pressure does not result from muscular pressure on the eye. 

Greaves and Perkins (1956) stimulated the facial nerves in monkeys but 
did not find any change in intra-ocular pressure apart from that which could 
be attributed to pressure on the globe from contraction of extra-ocular 
muscles. It is possible that the effect occurs in certain species only, although 
in the present investigation, the responses found in cats were very similar 
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to those found in rabbits; apart from this, the present series of experiments 
differed from those of Greaves and Perkins in certain respects. The occur- 
rence of lacrimation was frequent in the experiments described above, pro- 
viding some indication that parasympathetic pathways running to the ocular 
region were activated adequately, but lacrimation was not reported by 
Greaves and Perkins. Furthermore, it is to be noted that in the experiments 
of these workers the cervical sympathetic ganglia had been extirpated several 
weeks previously and that striated muscular activity was eliminated by the 
injection of decamethonium iodide, a substance which is known to liberate 
histamine; thus the state of the intra-ocular vascular circulation may have 
been quite different from that obtaining in the present experiments. 

In considering the nervous pathways involved in rises in intra-ocular 
pressure described above, there are three possibilities: 


(i) That the effect was mediated by efferent fibres in the facial nerve, 


(ii) That impulses passed up afferent fibres in the facial nerve and that some other 
efferent nervous pathway was activated reflexly, 


(iii) That there was a minimal spread of the stimulus to some other nervous 
structure. , 


The first of these three possibilties is the only one which can be accepted, 
since it was found that rises in intra-ocular pressure obtained in rabbits by 
stimulation in the floor of the fourth ventricle could be abolished by destroy- 
ing the facial nerve at the origin of the greater superficial petrosal nerve. 
Thus it appears that the facial nerve contains efferent fibres which on stimu- 


lation cause a rise in intra-ocular pressure. This view is supported by the 
observations made on cats, that rises in intra-ocular pressure evoked by 
diencephalic stimulation and believed to be of vascular causation were 
eliminated by division of the facial nerve at the internal auditory meatus. 

Furthermore, the efferent fibres mediating the rise in intra-ocular pressure 
must leave the main trunk of the facial nerve in the greater superficial 
petrosal nerve because in the majority of experiments all branches of the 
main trunk distal to the origin of the petrosal nerve had been divided and 
the main trunk itself had been cut at the stylo-mastoid foramen. The 
greater superficial petrosal nerve is known to carry some of the para- 
sympathetic outflow of the facial nerve; after leaving the main trunk of the 
nerve it runs through a small canal in the tip of the petrous temporal bone, 
joins with the deep petrosal nerve to form the Vidian nerve (nerve of the 
pterygoid canal), passes to the sphenopalatine ganglion, and is thence dis- 
tributed, amongst other destinations, to the lacrimal gland. In the great 
majority of these experiments, if a rise in pressure occurred in an eye, then 
there was also lacrimation on that side. It is clear, therefore, quite apart 
from consideration of the changes in intra-ocular pressure, that the nervous 
pathway stimulated must include intra-orbital structures in its peripheral 
distribution. 
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Perhaps the most important feature of the responses described here is that 
the rise in intra-ocular pressure often persisted without diminution for the 
entire period of stimulation. Thus, Figs 3 and 4 show rises in intra-ocular 
pressure which were maintained undiminished during stimulations lasting 
5 and 16 minutes respectively, and Figs 8 and 9 show responses in which the 
pressure in the eye rose gradually over periods of 5 and 7 minutes respec- 
tively, the full effect obviously not having been reached at the cessation of 
stimulation. A rise in intra-ocular pressure induced by external pressure 
on the globe would be quite different in character; one would expect a fairly 
rapid rise followed by a slow decline towards the initial level. Apart from 
this consideration, the finding that the rise in intra-ocular pressure was un- 
diminished after the administration of Flaxedil proved that striated muscular 
activity played no part in the response. In cats, a contraction of the orbital 
smooth muscle could cause a temporary rise in intra-ocular pressure, but 
stimulation was not accompanied by retraction of the nictitating membrane, 
nor was the response impaired after the administration of dibenylene which 
would block the adrenergic innervation of smooth muscle. 

A possible indication of the underlying mechanism of the response is 
given by the course in time of the rise in intra-ocular pressure, in that there 
was often an initial rapid rise followed by a more gradual rise. It is possible 
to attribute these two phases of the response to a single basic effect, viz. a 
dilatation of intra-ocular blood vessels; the initial rapid rise would be a 
manifestation of the intra-ocular volumetric changes due to vasodilatation, 
while the succeeding slow rise would be attributable to an increased rate of 
aqueous formation consequent upon dilatation of the blood vessels of the 
ciliary body. It has been shown by Chorobski and Penfield (1932), Forbes, 
Nason, Cobb, and Wortman (1937), and Greaves and Perkins (1956) that 
stimulation of the facial nerve produces dilatation of the blood vessels of 
the pia mater, and it is conceivable that this effect is also exerted upon the 
vessels of the uvea, a tissue which stands in a close relationship development- 
ally with the pia mater. It should be added that the increase in formation 
of aqueous humour postulated above is to be regarded as a direct result of 
vasodilatation; that is to say, there is an increase in that part of the aqueous 
formation which is dependent upon hydrostatic forces. The possibility that 
there is augmentation of the secretory activity of the ciliary body is less 
likely, since the rise in intra-ocular pressure was not diminished by the 
administration of acetazoleamide which is believed to reduce the active 
secretion of the ciliary processes. 

Various drugs were used in order to determine whether the nerve-endings 
involved in this response of the intra-ocular pressure were adrenergic or 
cholinergic. The persistence of the response after the administration of 
dibenyelene rules out the possibility that an adrenergic mechanism is in- 
volved. The effect of atropin upon the response was variable; in some 
animals there was a slight reduction of the effect, in other animals the rise 
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in intra-ocular pressure was undiminished after atropin. It should be 
emphasized that, in four out of five rabbits to which atropin was adminis- 
tered, the lacrimation which accompanied the rise in intra-ocular pressure 
was abolished. This observation proves two points: first, that most of the 
rabbits were not atropin-resistant, and second that the dosage of atropin 
was large enough to inhibit cholinergic nerve-endings in the lacrimal gland. 
Despite the variability of the results with atropin, it can be said with certainty 
that this drug does not inhibit markedly the rise in intra-ocular pressure 
evoked by stimulation of the facial nerve. The reasons why atropin may 
fail to inhibit a cholinergic effect were discussed by Ambache (1955), who 
emphasized that failure to eliminate a nervous effect with atropin did not 
necessarily disprove the cholinergic nature of the nerve-endings. In this 
connexion it is interesting to note that a well-known failure of atropin to 
inhibit a cholinergic effect concerns the facial nerve; stimulation of the 
chorda tympani causes secretion from a vasodilatation in the submandibular 
salivary gland, and after giving atropin, the secretion is abolished while the 
vasodilatation persists (Heidenhain, 1872; Hilton and Lewis, 1955). 

In order to examine further the possibility that cholinergic nerve-endings 
were involved in the production of the rise in intra-ocular pressure during 
stimulation of the facial nerve, eserine was also used, but again there was 
some variability; the rise in intra-ocular pressure was completely abolished 
in one animal but remained unaffected in others. Certainly there was no 
marked potentiation of the effect as one would expect if a cholinergic 
mechanism were involved. 

In attempting to elucidate the causation of pathologically raised ocular 
tension in the human, almost every nervous pathway known to enter the 
orbit has received some attention, and it is not surprising to find that the 
sphenopalatine (otherwise known as the nasal or Meckel’s) ganglion, which 
receives the fibres of the greater superficial petrosal nerve, has been con- 
sidered in this respect. Luedde (1912) described three cases under the 
heading “intraocular tension in glaucoma reduced by anaesthesia of Meckel’s 
ganglion”. Post (1921) reported eight cases of glaucoma in which the spheno- 
palatine ganglion was blocked by cocainization or injection of alcohol, and 
concluded that it was “‘. . . definitely established that the intra-ocular tension 
can be affected by blocking the nerve impulses at the nasal ganglion. . .” 
Examination of these reports shows that the evidence presented is not 
convincing but, in view of the findings in the experiments described above, 
a more critical study of the possibility that the parasympathetic component 
of the facial nerve influences the pressure in the human eye would appear 
justifiable. 


Summary 


(1) Stimulation of the facial nerve in anaesthetized cats and rabbits causes 
a rise in the intra-ocular pressure. 
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(2) When the stimulus is applied to the origin of the greater superficial 
petrosal nerve from the main trunk of the facial nerve on one side, the 


pressure rises in the ipsilateral eye only. : 

(3) When the stimulus is applied in the floor of the fourth ventricle, where 
fibres of the seventh nerve from both sides come into juxtaposition, the 
pressure rises in both eyes. 

(4) Rises in intra-ocular pressure induced by stimulation in the dien- 
cephalon or in the floor of the fourth ventricle are eliminated by destruction 


of the facial nerve between the internal auditory meatus and the stylo- 
mastoid foramen. Division of the nerve at the stylo-mastoid foramen does 


not abolish the effect. 

(5) It is concluded that the rises in intra-ocular pressure obtained in these 
experiments were produced by the activation of efferent pathways which 
run in the seventh nerve but which leave the main trunk of the nerve and 
pass into the greater superficial petrosal nerve. 

(6) The rises°in intra-ocular pressure obtained in these experiments 
frequently persisted without diminution during stimulations of several 
minutes’ duration. Evidence was obtained that neither smooth nor striated 
muscular activity was responsible for the rise in ocular tension. It is 
suggested that the effect was due to intra-ocular vasodilatation. 

(7) The rises in intra-ocular pressure were present after atropin had been 
administered, although lacrimation and salivation, which were frequent 
concomitant effects, were abolished by this drug. 

(8) The responses of the intra-ocular pressure were not potentiated by 
eserine. 


I wish to thank Sir Stewart Duke-Elder for his constant encouragement and advice during the 
course of this investigation. I am grateful also to Miss S. Bull for technical assistance. 
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INTRACAPSULAR EXTRACTION OF INTUMESCENT 
CATARACT BY APPLICATION OF LOW TEMPERATURE* 


BY 


T. KRWAWICZ 
Ophthalmological Clinic, Medical Academy, Lublin, Poland 


THE technical improvements recently introduced into cataract surgery, and 
especially the application of enzymatic zonulolysis, promise to make the 
extraction of the cataractous lens easier and safer. There remain, however, 
some potential sources of difficulty, and no procedure is free from the risk 
of unexpected and often dangerous complications. Enzymatic abolition of 
the resistance of the zonule fibres, or their complete breaking, are not the 
only essential conditions for a smooth intracapsular cataract extraction; the 
condition of the lens capsule is just as important. When the capsule is 
thinned because of degenerative changes, or excessively tightened, the pro- 
posed intracapsular extraction may fail, even if the resistance of the zonule 
fibres has been abolished. Other complications may result from unreliable 
methods of grasping the capsule. 

Writers who deal with the results of cataract extraction aided by zonulolysis 
have occasionally reported the rupture of the lens capsule (Barraquer, 1959; 
Orlowski, 1959). This means that zonulolysis, the usefulness of which has 
not yet been finally proved, will not settle the problem as long as the technique 
of grasping the capsule remains imperfect. It seems therefore reasonable to 
concentrate on the other essential factor in an uncomplicated intracapsular 
cataract extraction, i.e. the method by which the lens capsule is grasped. 

It is generally agreed that an intumescent cataract should be extracted by 
means of the erisophake, but it can often be extracted quite as easily with 
the forceps, especially when the capsule is thickened by senile proliferation. 
In other cases micropuncture may be helpful, or the cataractous lens may 
be tumbled by the method of Smith (1926) and Hruby (1957). The use of 
diathermy, as suggested by Lacarrére (1932) and Jess (1931), which is of 
value in extracting luxated lenses, is less suitable for the extraction of 
intumescent cataract. None of these methods, however, even if combined 
with gonloknt, eliminates completely the danger of the rupture of the lens 
capsule. 

The present paper reports a method of extracting intumescent cataract, 
which eliminates, or at least greatly reduces, this difficulty, without regard 
to the tension or friability of the lens capsule. 





* Received for publication May 13, 1960. 
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Method 


The name “cryoextractor” is suggested for the 
pencil-shaped, ball-tipped instrument which has been 
evolved for this operation. It is made of copper 
(which is an excellent conductor of heat) and nickel- 
plated (Fig. 1). Before use it is placed in a thermos 
flask containing a mixture of dry ice and methyl 
alcohol, and it quickly assumes the temperature of 
its environment, i.e. about -—79°C. To assure 
asepsis, the sterile cryoextractor is not placed directly 
in the freezing mixture, but in a small silver cylinder 
filled with ethyl alcohol. If required, it can be 
placed in a deep-freeze provided with an alcohol 
thermostat. The copper head is mounted in a plastic 
holder, which facilitates manipulation and protects 
the surgeon’s hands against the low temperature. A 
cotton glove should also be used as an additional 
protection. Before application, the tip is wiped 
with a sterile napkin to remove the remaining alcohol. 

When the lens capsule is touched with the tip of 
the instrument, an immediate local freezing occurs of Fic. 1.—Cryoextractor. 
the capsule and the subjacent part of the cataractous 
mass, which attach themselves to the cold metal, so firmly as to ensure an easy 
breaking of the zonule fibres and extraction of the lens. 

Our experiments on extracted human lenses and on animals have shown that 
the partial refrigeration of the lens‘ occurs more quickly if the tip of the cryo- 
extractor is dipped into water so that a thin coating of ice is formed on the metal 
before it is applied to the lens. Although the refrigeration is limited to a rela- 
tively small part of the lens, it is sufficient to withstand the manipulations which 
are necessary to break the zonule fibres of the cadaver eye. 

Some of our experiments were intended to investigate the possibility of com- 
plications. It appears that partial refrigeration of the lens has no harmful effect 
on the other parts of the animal eye. When the cornea is touched it immediately 
and firmly adheres to the metal but no permanent injury is inflicted on the cornea 
if the contact between it and the instrument is promptly interrupted with a spatula. 
In a similar way, the adhering iris can be freed from the cryoextractor by sliding 
a spatula along its wall. In all cases prompt action prevents further complications. 

These complications may be prevented by insulating the tapering end of the 
cryoextractor with a silk thread, only the ball-shaped tip being left bare, so that 
direct contact between the surrounding ocular tissues and the cold metal becomes 
very improbable. 


Operative Technique 


The patient is prepared in the usual way. The corneo-scleral suture 
described by Liégard (1913) is laid with special care; the bite should take in 
half the thickness of the cornea so that the suture can be used for lifting the 
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corneal flap to expose the lens. The iris is incised at 11 and 1 o’clock and 
pulled upwards with a retractor or forceps to ensure better access to the 
anterior surface of the lens. Pressure is exerted on the lower part of the 
cornea, so that the upper part of the lens inclines towards the operative 
wound. It is then that the ice-coated tip of the cryoextractor is applied to 
the lens capsule near its equator at 12 o’clock. This is immediately followed 
by a freezing of the capsule and subcapsular masses over an area slightly 
larger than that of the contact between the capsule and the tip of the cryo- 
extractor. The zonule fibres are broken with rotating movements to the 
right and to the left, and the lens is then delivered by sliding (Figs 2 to 6, 
overleaf). 


As the instrument is insulated with silk, except for its ball-shaped end, 
neither the cornea nor the iris will stick to it if inadvertently touched. When 
the insulation becomes hoar-frosted, the risk of catching the cornea or the 
iris increases, but by this time the extraction of the lens should be far enough 
advanced to make such a complication extremely unlikely. 


Results 


Fifty extractions of intumescent cataracts have been performed by this 
method. In 48 cases the cataract could be extracted intracapsularly. In 
only two cases did the capsule rupture near the lower part of the equator 
during the final stage of the operation, and in both cases it was possible to 
remove the capsule completely thanks to its firm attachment to the cryo- 


extractor. The cataractous masses were easily removed from the anterior 
chamber or from the operative wound, but in one case some lens debris 
remained under the iris, perhaps because excessive shrinking of the thinned 
capsule where the instrument was applied produced a rupture of the capsule 
at the opposite point. This complication could probably be avoided by 
delaying the application of the cryoextractor while it has lost some of its 
freezing power. In one case there was some vitreous loss, which occurred 
when the corneo-scleral suture was being tied, and in two cases choroidal 
detachment was observed at a later stage. 


In 49 cases full visual acuity was obtained, and in the case in which some 
lens debris remained under the iris the visual acuity was 5/10. 


Conclusions 


The clinical observations presented above show that our method of 
grasping the lens capsule gives better protection against the rupture of the 
capsule than any of the current methods. This is mainly due to the fact 
that, thanks to the refrigeration and solidification of the subcapsular masses, 
some part of the traction exerted during the operation goes beyond the 
capsule, reducing the risk of rupture. 











Fic. 2.—Ball-shaped end of the cryoéxtractor, 
coated with a thin layer of ice, applied to 
cataractous lens at 12 o’clock, near the 
equator. 











Fic. 4.—After abolition of the resistance of 
the zonule fibres, the cataract is delivered by 
sliding. 





Fic. 6.—Delivered cataract adhering firmly 
to cryoextractor. 


T. KRWAWICZ 












Fic. 3.—Zonule fibres broken by rotating 
movements. 





Fic. 5.—Still held by some zonule fibres, the 
cataract is brought into the operative wound. 


Zonulolysis was not used in the 
present series, but a new series is in 
progress in which the application of 
low temperature is combined with 
zonulolysis, and the results will be 
published in due course. 


This method has so far been used only in the extraction of intumescent 
cataracts, but it may be possible to use it for cataracts of all kinds. It must 
be emphasized in conclusion that the operator must be fully versed in its 
technicalities before applying it in practice. 
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Summary 

A new method is described of extracting intumescent cataract by means 
of a pencil-shaped metal instrument, named the cryoextractor. This is 
refrigerated in a mixture of dry ice and methyl alcohol so that when the ice- 
coated tip is applied to the exposed lens, the capsule and the underlying 
cataractous masses adhere firmly to its ball-shaped end and an easy 
intracapsular extraction is ensured. 

The results of the first fifty operations by this method are given, and the 
possibility of its combination with zonulysis is pointed out. 
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OCULAR LESIONS AFTER TREATMENT WITH 
CHLOROQUINE* 
BY 


H. E. HOBBS, S. P. EADIE, AND F. SOMERVILLE 
London 


In 1955 one of us (H. E. H.) saw a patient in whom the complaint 
of haloes arose from deposits in the corneal epithelium resembling those 
described by Mann (1947) in workers engaged in the manufacture of 
atebrine. This patient was at that time under treatment for actinic derma- 
titis with chloroquine and the similarity of the corneal changes to those 
described by Mann suggested that a relationship between them and the drug 
might exist. Treatment was, therefore, stopped and the opacities gradually 
faded. The case differed from those described by Mann in the important 
respect that no question of external contamination of the cornea could arise 
and the implication that opacification of the ocular tissues could occur from 
drugs taken by mouth seemed of sufficient importance to warrant further 


Fic. 1.—Keratopathy—early stage. 





* Received for publication November 10, 1960. 
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investigation. The fact that the pattern of the deposits bore a likeness to 
the ill-explained Hudson-Staehli line provided a further point of interest. 

Thirty patients receiving chloroquine for various conditions were, there- 
fore, examined and among them the incidence of similar epithelial changes 
was found to be high. The pattern of the deposits was found to vary, and, 
in several cases which could be examined repeatedly, it was seen to pass 
from a stage of diffuse punctate deposits (Fig. 1) through a stage in which 
these became aggregated into curved lines converging and coalescing on a 
zone just beneath the centre of the cornea (Fig. 2) to a final stage in which 
a denser, less regular, and greenish-yellow pigmented line appeared in this area 
(Fig. 3, overleaf). Isolated maculae appeared in some cases (Fig. 4, overleaf). 
For these changes chloroquine was evidently responsible (Hobbs and Calnan, 
1958), and comparable observations have since been reported by Calkins 
(1958), Zeller and Deering (1958), Leopold (1958), Pau and Baumer (1959), 
Rogers (1959), Hertzberg (1960), and Goddard (1960). Other anti-malarial 
drugs which have been seen to produce similar effects are amodiaquin 
(Camoquin) and hydroxychloroquine (Plaquenil), seen by Marx (1959), 
Kersley and Palin (1959), and Scales (1960). 


Fic. 2.—Keratopathy—intermediate stage. 
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RIGHT 
Fic. 3.—Keratopathy—late stage. 


These reports dealt principally with the occurrence of the phenomenon 
although Kersley and Palin noted an incidence of 43-7 per cent. in their 
series of cases of rheumatoid arthritis under treatment with amodiaquine 
and hydroxychloroquine. Although fading of the deposits had been noted 
when the drugs were withdrawn it was not certain that this occurred regu- 
larly and the ultimate effects upon vision were not known. Meanwhile, 
among other patients examined, four were seen in whom serious retinal 
defects had arisen—evidently by a quite different mechanism; scotomatous 
vision, impaired night vision, and peripheral field loss were associated with 
a retinopathy characterized by severe attenuation of the retinal arteries, 
retinal oedema and pigmentary disturbance (Fig. 5, opposite). 

Unlike patients with the corneal lesions, who were usually discovered only 
by ocular examination, the four with retinal changes had sought advice 
because of the visual disturbance. They presented, therefore, a selected 
group; the incidence of such changes among patients receiving chloroquine 
was quite unknown, but the evidence implicating chloroquine in their causa- 
tion was sufficiently strong to warrant a published notice of this additional 
effect of the drug (Hobbs, Sorsby, and Freedman, 1959). The examination 
of a larger number of patients appeared to be indicated not only so that the 
outstanding questions concerning the corneal deposits could be answered, 





Fic. 5.—Retinopathy. 
(a) Right eye, maculae only. 
(6) Left eye, posterior pole and periphery. 
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Fic. 4.—Keratopathy— intermediate stage, showing maculae. 


but also in order to gain some idea of the incidence of retinal changes and 
to detect them, if possible, at an earlier stage. 

Apart from its use as an antimalarial, chloroquine has been widely pre- 
scribed for a number of years in the treatment of rheumatoid arthritis, and 
has also been used for certain skin diseases since it has displaced mepacrine 
in the treatment of discoid lupus erythematosus. In both types of case 
dosage to be effective must be relatively high and maintained for long 
periods. Such patients appeared to offer suitable clinical material for 
further investigation, and the eyes of two groups of patients receiving 
chloroquine on these indications were examined. One group comprised 92 
theumatoid arthritics and the other 73 patients with skin disorders, the 
Majority of whom were suffering from discoid lupus erythematosus. In 
both groups the patients had been under treatment with chloroquine for 
periods varying from 3 months to 6 years, and during this time the dosage 
of the drug had varied between less than 100 mg./day to 600 mg./day or 
more. It had been consistently low in some cases and high in others. 
Details were sought of any visual symptoms, and the presence of changes in 
the retina or cornea was assessed with slit-lamp microscopy and campimetry. 
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Results 


Incidence.—Corneal changes similar to those already described were found 
in both groups of patients (Table I) and their incidence in those with rheuma- 
toid arthritis (32 per cent.) was comparable with that seen in those receiving 
treatment for skin conditions (36 per cent.), being somewhat lower than that 
found by Kersley and Palin (1959) among rheumatoid patients treated with 
amodiaquine and hydroxychloroquine. 


TABLE I 
INCIDENCE OF CORNEAL CHANGES IN 165 PATIENTS 





No. Corneal Deposits 
Group of Percentage Affected 


Cases Present Absent 


Rheumatoid Arthritic} 92 29 63 31-5 
Dermatological 73 26 47 356 


Both 165 55 110 33-3 


























Visual Symptoms.—In none of these patients had there been any measurable 
reduction of visual acuity which could be attributed to the corneal changes. 
Rather less than half of those showing changes complained of visual 
symptoms which could be related to the corneal condition (Table II). 


TABLE II 
VISUAL SYMPTOMS IN 55 PATIENTS WITH CORNEAL CHANGES 





Haloes a Ah ee ass a a oe ne 12 
Haloes and other symptoms ois ad és Me or 2 
Other visual disturbance .. = <n we fs ee oi 7 
Symptomless . . as aa a oe ‘3 “ a 34 








Corneal Changes related to Dosage and Duration of Treatment.—It had 
already been noted in the original pilot group of cases (Hobbs and Calnan, 
1958) that no firm relationship appeared to exist between these factors and 
the appearance of epithelial deposits, since these were seen in one case after 
only 3 weeks’ treatment in relatively low dosage and were not detected in 
other cases treated for many months. Among the two groups of patients 
which comprise the material of this investigation a similar lack of correspond- 
ence was seen. From Table III (opposite), showing the total dosage given 
to the rheumatoid arthritics, it is apparent that, whilst the greatest incidence 
of lesions occurs in those who have taken between 300 and 400 g. chloro- 
quine, it is least in those who have taken more than 500 g. 

The effect of the duration of treatment shows no closer correspondence 
with the appearance of deposits in the corneal epithelium. Repeated 
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TABLE III 
INCIDENCE OF CORNEAL CHANGES, BY TOTAL DOSAGE OF CHLOROQUINE 





Total Dosage (g.) | Less than 100} 100-199 | 200-299 | 300-399 | 400-499 /500 and Over 





Present 2 7 7 6 5 1 
Corneal 
Deposits | Absent 14 12 5 4 11 15 














Percentage Affected 12-5 37 58 60 31 6 


























examination to determine the appearance and duration of these changes 
would be necessary at intervals which would be impracticably long in so 
large a group of patients and was feasible only in isolated instances. It was 
felt, however, that a comparison of the incidence of lesions in groups of 
patients under treatment for different periods might offer an alternative 
method of determining the role of continued administration of chloroquine, 
since, if the changes persisted, they might be expected to be seen with greater 
frequency in cases treated for longer periods. 

Table IV shows the incidence of corneal changes in patients who had been 
under treatment for different periods; the variations do not correspond in 
any direct fashion with the period for which the drug has been given. The 
highest incidence appears in the group under treatment for between 3 and 
4 years; and thereafter it falls distinctly. 


TABLE IV 
INCIDENCE OF CORNEAL CHANGES, BY DURATION OF TREATMENT 





rarer, of Treatment kan ee 12-24 | 25-36 | 37-48 | 49-60| More than 60 | Uncertain 





Present 15 14 10 9 2 3 





Corneal Deposits 





Absent 28 27 18 13 11 10 
Percentage Affected 35 34 36 41 15 23 
































The lower incidence of corneal changes observed in the groups longest 
treated, whilst it may be fortuitous, may well arise because these fade not 
only when treatment is discontinued but also when it is prolonged. This 
has been seen to occur in one or two individual patients in whom repeated 
examination has been possible. 


Corneal Changes related to Age and Sex.—The ages of patients in the two 
groups varied from the early 20s to the later 70s, but the incidence of 
changes did not vary significantly between the different age groups (Table V, 
overleaf). . 

Females predominated in both groups of patients, but neither the com- 
plaint of symptoms nor the appearance of corneal changes showed any 

19 
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TABLE V 
INCIDENCE OF CORNEAL CHANGES, BY AGE GROUP 











Age Group (yrs) Less than 40 | 40-49 | 50--59 | 60-69} 70 and Over | Age Unknown 






















3 
12 2 
20 


15 
23 
39 


12 
24 
33 






11 
27 
29 










13 
22 
37 






Present 
Absent 









Corneal Deposits 























Percentage Affected 


























difference which could be correlated with the sex of the patient. Corneal 
changes were seen in 35 per cent. males and 29 per cent. females. 











Retinal Changes.—In the four cases with retinal damage referred to above, 
visual symptoms had been obtrusive at once, and for this reason it was thought 
likely that few such would have passed unnoticed. This has proved to be 
the case, for (apart from one doubtful instance, a defaulter in whom con- 
firmation of the retinal lesions could not be obtained), no further cases of 
retinal involvement from chloroquine have been found by examination of 
the 165 cases under discussion. An additional case has, meanwhile, been 
seen by one of us'(H. E. H.), but this patient also presented because of severe 
loss of vision. This case merits detailed description because it presents some 
features in addition to those already described in the original four. 












A woman aged 43 years had suffered from discoid lupus erythematosus for some years 
and had been under treatment with chloroquine for the past 6 years. The drug had been 
begun at a dosage of 400 mg./day for one year, then discontinued for some months, 
and then recommenced at the same dosage for the 8 months from February to September, 
the period during which lesions tended to relapse, for some years. For 15 months 
continuously, before she was examined by one of us (H.E.H.), she had been taking 600 mg. 
daily, and during the last 9 months of that period she had noticed that her vision seemed 
less good, so that she had found it unreliable when driving a car, and had given up 
driving. Her family had remarked that she seemed not to see details which were readily 
visible to them. Apart from this she had been aware of occasional frontal headaches 
and had felt generally ‘“‘ below par”’. 

Examination.—The visual acuity was 6/9 in the right eye and 6/12 in the left, being 
scotomatous in both eyes and not improved by lenses. The visual fields (Fig. 6, opposite) 
were grossly constricted and the Amsler chart indicated an irregular haze overlying the 
fixation area in both eyes. The eyes were externally normal, with no sign of corneal 
deposits, and no lens opacities were seen. The fundus vessels were seen to be severely 
attenuated, with some pallor of the optic discs and patches of oedema at both posterior 
poles. Skull x rays, including the optic foramina, showed no abnormality. Blood exami- 
nation revealed normal red and white cell counts. Both urine analysis and the general 
examination were negative, apart from a single patch of discoid lupus on the nose. The 
blood pressure was not raised. 

Treatment.—Chloroquine had been discontinued a day or two before examination 
and, in an effort to counter the retinal ischaemia which the fundus picture suggested as 
the cause of the visual loss, full doses of priscol were administered and the patient was 
nursed in an oxygen tent for alternate periods of 6 hours for 2 weeks. 
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15.5.60 4° white 
Fic. 6.—Initial visual fields, right and left eyes. 


Progress.—The subjective scotomatous vision resolved on this regime, visual acuity 
improved to 6/9 in both eyes, and some increase in the peripheral fields was observed 
(Fig. 7). 


RIGHT 





30.6.60 4°-4° white 
Fic. 7.—Visual fields, both eyes, after treatment. 


Dark adaptometry (Dr. R. A. Weale) at this time showed that, whilst there was virtually 
no adaptation on direct fixation, it was normal in the small area of peripheral field on 
eccentric fixation. The electroretinogram (Dr. G. Arden) was found to be extinguished 
at this stage. ; 

On purely clinical grounds little or no further improvement was felt to be possible and 
this expectation has been confirmed 6 months later, the only change being the appearance 
in the retinal periphery of fine granular pigmentation. 
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These five cases of retinopathy represent, therefore, the total seen in the 
cases examined which together number 170, giving an incidence of 2-9 per 
cent. In addition to these three other cases are known to us: one seen by 
Lister (1959), one by Ormrod (1960), and one reported by George and Mitchell 
(1961). Cases of this sort have also been reported from France by Grupper, 
Brégeat, and Juge (1960) and by Bureau (1960). It is possible also that the 
case reported by Sternberg and Laden (1959), in which visual loss associated 
with ‘macular degeneration’ was seen after 44 years’ intermittent treatment 
with chloroquine, arose in this way, and that the severe field loss reported by 
Goldman and Preston (1957) after a long period of treatment may have 
been similarly produced, but accurate records of ocular examinations are 
lacking in these cases. 


Retinal damage, it is clear, occurs much less frequently than corneal 
changes. When it presents clinically it does so because of manifest effects 
upon vision—principally central vision; and at this stage the changes appear 
to be irreversible. In the two most severe cases the arterial attenuation and 
disturbed retinal pigmentation bore a resemblance to the fundus picture of 
retinitis pigmentosa, and the analogy was further strengthened by the fact 
that visual loss had first been found to be disabling in conditions of poor 
illumination. This symptom was not mentioned by the remaining two of 
the four patients first reported; but because of their crippling arthritis their 
activities had for years been restricted. In the case here described, how- 
ever, although abnormal pigmentation was not at first apparent, defective 
vision at night was a disabling early symptom. It was considered possible, 
therefore, that a selective toxic action upon the rod mechanism might be 
occurring in the early stage of the retinopathy and that such cases might be 
detected by dark adaptometry before objective retinal change or impaired 
central vision was apparent. 

Several of the dermatological cases receiving chloroquine in varying 
dosage were therefore examined on the Crookes adaptometer, and although 
this series was small and the results inconclusive, the findings in the case 
reported above (of normal dark-adaptation in a small persisting area of field) 
appeared to discount the likelihood that adaptometry would prove useful 
in the detection of early cases. 


Discussion 
This form of keratopathy must, therefore, be regarded as a toxic pheno- 
menon provoked by chloroquine and other antimalarial drugs rather than 
as an obscure dystrophy, as Calkins (1958) has pointed out. It is probably 
not specific to these drugs, for we have seen changes of a similar type in a 


pethidine addict who had been taking large quantities of this drug for a 
long period; and is comparable with the case reported by Markoff (1948) 
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in which needle-shaped crystals appeared temporarily in all layers of both 
corneae in a patient undergoing treatment with urethane. 

It is evident that the corneal changes are caused by the administration of 
the drugs. They have been seen to arise and progress during treatment in 
many patients repeatedly examined, and they have been found in a large 
proportion of patients taking the drug in relatively high dosage and have 
been seen to fade when treatment is discontinued. The form of the deposit 
in all the cases which we have examined has been granular, although oedema 
might be suspected from the history of haloes and this has been reported 
in one case by Hertzberg (1960). Such an effect of synthetic antimalarial 
drugs was noted by Reese (1946) and by Chamberlain and Boles (1946) in 
small numbers of airmen taking mepacrine in suppressive doses. 

Serious blurring of vision occurred in these cases, and also in that 
reported by Bleil (1958), where it formed part of a severe toxic reaction to 
amodiaquin; but such an effect was not recorded by Hertzberg. The nature 
of the deposit remains obscure; in vivo it does not exhibit the fluorescence 
with the quartz slit-lamp microscope which may be seen with pure chloro- 
quine, although Pau and Baumer (1959) have noted this in excised epithelium. 
These workers have also examined the epithelium histologically and have 
found that the deposits are confined to the cytoplasm of the cells. The 
mechanism by which the deposits form is undetermined: bloodstream trans- 
ference of the drug or some intermediate metabolic product of it is evidently 
involved, either directly to the epithelium via the perilimbal vascular plexuses 
or, as Mann (1959) has suggested, via the lacrimal gland and the tear fluid. 
Whatever the deposit may be, it seems likely that the high oxidative activity 
at the corneal surface is responsible for the colour change seen in later stages 
when it takes on the appearance of the Hudson-Staehli line. The further 
investigation into these problems which was at one time contemplated has 
not been pursued in view of what is now known of the ultimately innocent 
visual effects of the deposits. 

The facts that corneal changes do not affect all patients taking the drug 
and that they may fade even when high dosage is continued present another 
curious problem and raise the possibility that some variation in the indi- 
vidual response to the drugs may be present, or be induced, in the positive 
cases. This is to some extent supported by the knowledge that, whilst in 
the majority of positive cases high dosage has been continued for a long 
period, epithelial changes have also been seen in one or two cases under 
treatment for as little as 3 weeks. The absence of reports of such changes 
among the much greater number of individuals taking chloroquine in 
normal therapeutic doses for malarial therapy and prophylaxis also em- 
phasizes the role of high dosage in producing the epithelial deposits, whereas 
the oedematous lesions produced by mepacrine occurred on relatively low 
dosage and were regarded as a form of idiosyncrasy. Certain features of 
Bleil’s case suggest that it, too, may have arisen in this way. Nevertheless 
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it is clear that in the majority of patients the most important factor in deter- 
mining the development of these changes is the combination of high dosage 
and prolonged administration. 

The chemical structure of the antimalarials concerned does not suggest a 
common chemical factor as the toxic agent, for although the side-chains of 
mepacrine (Fig. 8) and chloroquine (Fig. 9) are identical, the base of mepa- 
crine is an acridine ring and that of chloroquine is a quinoline ring. The 
structure of Plaquenil is identical with that of chloroquine except for the 
addition of an hydroxyl group (Fig. 10), but that of amodiaquine (Camoquin) 
is again quite different (Fig. 11). 
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Fic. 8.—Chemical formula, Mepacrine. Fic. 9.—Chemical formula, Chloroquine. 
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Fic. 10.—Chemical formula, Plaquenil. Fic. 11.—Chemical formula, Amodiaquine. 


The resemblance of the-condition in its early stages to that first described 
by Fleischer (1910) as cornea verticillata has been commented upon by 
Calkins (1958) and by Wybar (1959), and raises interesting speculations. 
Whilst it is conceivable that the lesions in Fleischer’s cases were iatrogenic, 
since the patient was afflicted with disseminated sclerosis and may well have 
been treated vigorously for this condition, the similar cases reported by 
Gruber (1946) could not have been so, arising, as they did, idiopathically 
in two successive generations. Such an appearance could best be accounted 
for by the assumption of an inborn metabolic anomaly comparable with that 
which gives rise to cysteine crystals in the cornea in Fanconi’s syndrome, or 
to the copper deposits forming the Kayser-Fleischer ring in hepato-lenticular 
degeneration. 
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In the late stage the appearance of the epithelial deposits exactly resembles 
the Hudson-Staehli line, and it is of interest, in this connexion, to recall 
the hypothesis of Koby (1930) that this takes its form as the result of the 
movements of the firm posterior margins of the eyelids upon the corneal 
epithelium. He suggested that these tended, by making momentary folds 
in the epithelium, to favour the deposition of pigment—believed to be 
haemosiderin in the cases he was considering—along the line of junction of 
the lids. The genesis of the lines indicated in Fig. 1, 2, and 3 appears to 
offer a useful illustration of this process. 

The lower incidence of retinal changes is fortunate, since, unlike those in 
the cornea, they appear in most cases to be irreversible at the stage at which 
they have so far been detected. Among the four cases originally described, 
progressive visual impairment appeared after 34, 23, and 3 years’ treatment 
with chloroquine compounds, but ceased to progress when chloroquine was 
discontinued. In the case here described the duration of treatment was 
longer and a slight improvement of symptoms and field defects has followed 
the discontinuation of chloroquine and the institution of empirical therapy 
of the retinal lesions by vasodilator drugs and oxygen. In all five cases 
greatly narrowed retinal vessels, pallor of the optic discs, and macular 
lesions—oedematous or pigmentary—have been noted, whilst in two of the 
early cases peripheral retinal pigmentation suggestive of retinitis pigmentosa 
was seen. In the last case this pigmentation was not at first apparent, but 
it appears to be developing now, some 6 months after the subsidence 
of the oedematous macular lesions. The suggestion put forward by 
Hobbs and others (1959) that the oedematous lesions represented an 
earlier stage of retinopathy, the fully-developed picture of which included 
pigmentation, is thus to some extent confirmed, and the resemblance of the 
clinical picture to that known to be produced by quinine and by piperidyl- 
ethylchlorophenothiazine is strong. Whilst the pharmacological effects of 
chloroquine give no ground for the belief that it can provoke the retinal 
vascular response seen in these patients, the clinical evidence that such has 
been the case is highly suggestive. Idiosyncrasy may well play a part in 
this response to synthetic antimalarials, as it does with quinine; but, apart 
from the cases of corneal oedema already referred to, acute ocular lesions 
have not been reported, and the fact that long-continued treatment has pre- 
ceded the appearance of the ocular lesions in the majority of cases suggests 
that in general some other factor is needed to provoke them. 

This may perhaps be found in the fact that chloroquine is a drug which 
is only slowly metabolized by the body so that its cumulative effect appears 
after a variable interval. If, as Huriez (1960) maintains, this tendency is 
exaggerated in patients with lupus erythematosus, a further predisposing 
factor may well be thus provided. 

It would seem, therefore, that chloroquine may damage the eye by two 
quite separate mechanisms, involving either the cornea or the retina. Such 
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a dual effect, whilst it appears at first sight novel, is by no means unknown 
in experimental pharmacology, for Cibis and Noell (1955) have found that 
sodium iodoacetate, in addition to its recognized ability to produce retinal 
damage with pigmentary disturbance in animals, also affects the transparent 
tissues of the eye and may produce cataract in a significant proportion of 
experimental animals. 

Attempts to produce retinal lesions in rabbits with chloroquine have 
so far proved unsuccessful (Hobbs and others, 1959) and in this respect 
experience with the drug is similar to that with piperidylethylchloropheno- 
thiazine (a tranquillizer akin to chlorpromazine) which is known to 
have produced retinal damage with pigmentation in patients undergoing 
psychiatric treatment. With both drugs, however, the retinal effects appear 
to arise through spasm of the retinal vessels, in contrast to those which 
result from iodoacetate and certain other retinotoxic agents, the effects of 
which are reproducible in animals, and which appear to exert a direct effect 
upon the rod and pigment layer of the retina. It is possible, therefore, that 
in the paurangiotic retina of the rabbit such vascular changes could not be 
observed. 

In none of the cases examined has opacification of the lens been seen in 
a form which could be attributed with any degree of certainty to chloroquine. 
Senile cataract has been found to co-exist in some cases and snowflake sub- 
capsular opacities have been noted in one or two. This possibility cannot, 
however, be entirely dismissed in view of recent experimental and biochemical 


work on the role of the quinones in cataract formation. 


Summary 


(1) A preliminary survey of selected cases under treatment with anti- 


malarial drugs which indicated a high incidence of corneal changes due to 
the drug has been extended by examination of a larger group of patients, in 


which similar changes were found to affect some 33:3 per cent. 

(2) Such changes have been found to be symptomless in the majority of 
cases, to regress with the withdrawal of treatment, and even in some cases 
with its continuance. The characteristic symptom is the appearance of 
haloes around naked lights. 

(3) A significant reduction in visual acuity attributable to the corneal 
lesions has not been noted. 

(4) The lesions appear insidiously, usually after prolonged treatment at 
high dosage, but no precise relationship to dosage or duration of treatment 
has been found. 

(5) Previously reported retinal changes (arterial attenuation, oedema, and, 
in some cases, pigmentary disturbance) have been further noted and found 
to be largely irreversible. 
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(6) Such retinal changes were not always accompanied by corneal deposits. 

(7) Dark adaptometry has not proved useful in the detection of cases of 
retinopathy at an early stage. 

(8) No evidence of cataract formation arising from treatment with 
chloroquine has been forthcoming. 

(9) Treatment of the corneal deposits appears to be unnecessary and 
treatment of the retinal condition appears to have little effect. It would 
seem advisable, however, when these drugs must be given in such high 
dosage, that courses of treatment should be of limited duration, and that if 
prolonged treatment is essential it should be interrupted for periods of 
several weeks during which the drug is withdrawn. 


We are indebted to Dr. A. Freedman for allowing us to examine the group of patients with 
rheumatoid arthritis under his care; and to the various members of the medical staff of St. John’s 
Hospital for Diseases of the Skin whose cases were made available to us. Mr. Michael Sheridan’s 
assistance with the dark-adaptation trial was invaluable and we are grateful for the help given by 
Dr. R. A. Weale and Dr. G. Arden of the Institute of Ophthalmology in the examinations to which 
reference has been made. 

The illustrations are the work of the Departments of Medical Illustration of the Institute of 
Ophthalmology and the Royal Free Hospital. 

Part of the expenses of the investigation were met by a grant from the Royal Free Hospital 


Endowment Fund, 
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FORMED ELEMENTS IN THE HUMAN LENS CAPSULE* 
WITH SPECIAL REFERENCE TO THEIR ALLEGED ROLE IN THE 
AETIOLOGY OF SENILE CATARACT 


BY 


A. J. DARK 
Nuffield Laboratory of Ophthalmology and Oxford Eye Hospital 


Tue lens capsule has long been regarded as a homogeneous ‘glass’ or hyaline 
membrane with no discernible microscopic structure, although certain 
observations, for example, that of Salzmann (1912), who noted step-like 
fissures at the sites of rupture in the capsule, had led some earlier investi- 
gators to consider that it might have a stratified architecture. The recent 
advent of two new histological procedures—phase-contrast and electron 
microscopy—has shown that a fine lamellar structure is indeed present 
(Grignolo, 1954; Koch, 1957). 

Apart from its role in accommodation, the lens capsule has a well- 
established function as a filter, preventing the passage to-and-fro of the 
larger protein molecules between the aqueous and lens epithelium, but per- 
mitting the passage of smaller ones (Friedenwald, 1930; Pirie and van 
Heyningen, 1956; Francois and Rabaey, 1958). It is therefore of interest 
that no pores or pre-formed pathways were noted in studies with these 
newer methods of examination until Monahan (1953), using phase-contrast 
microscopy, described fine channels in the anterior portion of the human 
lens capsule. The channels begin on the aqueous-bound surface of the 
anterior capsule in an annular zone some 3 mm. from the anterior pole of 
the lens, and then run a tortuous course to open on the inner surface of the 
capsule in the region [pre-equatorial] of the cells of the germinative zone of 
the capsular epithelium; no channel extends beyond the equator, nor is 
any present in the posterior capsule. Impressed by their connexion with 
this zone of the lens epithelium, Monahan believed that these fine canaliculi 
were, in fact, the yet undiscovered pores in the capsular ‘sieve’. He con- 
sidered that some support for this concept was provided by the results of 
animal experiments (although the channels could not actually be demon- 
strated microscopically in any of the animals he examined) in which various 
aniline dyes were injected into the anterior chamber. In some cases the lens 
became cataractous and Monahan presumed that channels had been blocked 
by deposits of the dyes. Further observations which will be mentioned 
later led Monahan to attribute to these structures an important role in the 
aetiology of senile cataract. It was not possible to demonstrate the channels 
by routine histological staining techniques. 

The channels in the lens capsule described by Monahan have not been 
confirmed by any subsequent investigator, at least as far as Monahan (1958) 
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and I are aware, which is surprising in view of the obvious importance 
of his claims. The following study was therefore undertaken, and investiga- 
tion of the structure of the lens capsule with phase-contrast microscopy has 
shown fine filaments which appear to correspond to the “channels” described 
by Monahan. A variety of histological and histochemical procedures has 
been used to explore the nature of these structures and to find out whether 
they could be rendered visible ixdependently of the phase-contrast method. 
The capsules from senile cataractous lenses have been specially studied to 
determine whether these filaments undergo any change which could be 
related to the formation of cataracts. Finally, an experiment designed to - 
determine the possible role of artefact in the production of the filaments is 
described. 


Material and Methods 


Material.—Human lenses were obtained from three sources. The lenses from 
four eyes removed for malignant tumour of the posterior ocular segment (the 
anterior segment being apparently unaffected) were obtained soon after enuclea- 
tion. Thirty lenses with varying degrees of opacity were available after intra- 
capsular cataract extraction. Autopsy material comprising ten healthy lenses 
was obtained at varying times after death (6-18 hrs). Sections from the lenses 
of a reputedly adult rhesus monkey (Macaca mulatta) and of four adult rabbits 
were also studied. 


Methods.—The fixatives used included 10 per cent. neutral formalin, 10 per cent. 
calcium formol, Bouin’s fluid, and Palade’s buffered osmium tetraoxide (Palade, 
1952). Frozen sections of the lens were cut from calcium-formol fixed material. 
Celloidin sections were prepared from the anterior segments of eyes enucleated 
for malignant choroidal tumours; flat whole-mount preparations of the capsules 
of fixed and unfixed lenses were also used. Lens capsules fixed in Palade’s solution 
were embedded in methyl methacrylate and sections 0:5 to 2u thick were cut with 
a glass knife. 

For general histological examination sections and whole-mount preparations of 
lens capsule were stained with haematoxylin and eosin, Mallory’s trichrome stain, 
van Gieson’s method, the orcein stain for elastin, and Gordon and Sweet’s method 
for reticulin. 

For investigation of the nature of the capsular filaments, a variety of histological 
and histochemical methods was used. These techniques will be referred to with 
the results obtained. 

A Zeiss-Opton microscope was used for ordinary microscopy, for phase-contrast 
examination, and for examination in polarized light. Fixed whole-mount pre- 
parations and sections were submitted to fluorescence microscopy using ultraviolet 
light of 3,650 A. 


Observations 


Phase-contrast Microscopy.—Observations using phase-contrast were 


made on meridional celloidin sections (some of the sections were affixed to 
Slides and the celloidin removed), and flat whole-mount preparations of 
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human and animal lens capsules. A few thin meridional sections of methi- 
acrylate-embedded human material were also examined. Preparations were 
mounted in normal saline. 

In meridional celloidin sections of “Tes material many fine dark striae 
and dots are visible in the otherwise homogeneous anterior lens capsule. They 
are seen only in a sp*cific annular zone 1-2 mm. wide, immediately in front of 
the equator. When viewed in cross-section, or “end on”, the striae appear as 
minute black dots. The distribution of these structures is not entirely uniform; 
they are most numerous and occupy the full thickness of the capsule towards 
the equator, ceasing with remarkable abruptness at the equator itself. On 
the other hand they fade away gradually towards the anterior pole, often 
disappearing from the inner portion first so that the last striae seen are 
immediately underneath the pericapsular membrane or zonular lamella, 
which is itself devoid of structure. 

In flat whole-mount preparations, numerous unconnected dark striae or 
filaments are found in the annular zone of the anterior lens capsule described 
above. They are 3—20u long and about 0-34 wide. The filaments taper 
gradually to fine points. Many of them are sickle-shaped, a few are circular 
or U-shaped, and occasional filaments undergo a single bifurcation. The 
filaments are orientated with their long axes parallel to the capsular surfaces, 
but randomly to each other—hence the parallel striae and dots seen in truly 
meridional sections. 

Many of these features can be seen in Fig. 1 and Fig. 2 (opposite), which, 
however, illustrate preparations specially stained to show the filaments. 


Fic. 1.—Meridional celloidin section through a zone of normal human lens capsule and 
subcapsular epithelium, just in front of the equator. The thick black surface band cor- 
responds with the orbiculo-anterior capsular fibres of the suspensory zonule. Filaments 
described in the text lie in the hyaline capsule. They are seen as fine black striae and 
dots, depending on whether they are viewed longitudinally or in cross-section. Chrome- 
haematoxylin (Gomori). x 1,300 
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Fic. 2.—Flat whole-mount preparation of normal human lens capsule and subcapsular 
epithelium obtained from a zone lying just in front of the equator. Filaments illustrated 
above and described in the text are in sharp focus (epithelial cell nuclei lying at a deeper 
level are outside the focus and are therefore blurred). The filaments are orientated in random 
fashion. Chrome-haematoxylin (Gomori). x 1,300. 


Under high magnification ( x 1,300) the fanned-out fibrils of the orbiculo- 
anterior capsular fibres are seen lying in a plane distinct from that of the 


filaments—there is no discernible connexion between these fibrils and the 
filaments. In places, especially near the cut edges of the tissue, the subcapsular 
epithelium has occasionally become dislodged during preparation; in such 
denuded areas the capsular filaments are present in undiminished number 
and size, an indication that they are located exclusively within the hyaline 
capsule. 

In both flat preparations and meridional sections, the filaments, viewed 
longitudinally, are seen as dark homogeneous threads; in cross-section, they 
appear as minute black dots—so that there is no evidence of tubular struc- 
ture, but rather of solid filaments. This is confirmed by observations on 
methacrylate-embedded capsular material (after removal of methacrylate): 
the filaments appear as solid homogeneous threads and dots in between the 
fine lamellae of the capsule. The lamellar structure of the capsule is dis- 
cernible when thin 0-5 sections are examined with phase-contrast. 

It seems possible that the filaments become more numerous with age; the 
lens of a child aged 6 years contained relatively few filaments, and none was 
seen in the lens of a 6 months’ old infant. 

Apart from the infant lens mentioned above, and two other adult lenses 
which were somewhat autolysed post-mortem specimens, filaments have been 
found in all normal lenses examined. 
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Filamentary structures were not seen in the capsules of any animal lenses 
studied. 


General Histology.—The capsular filaments are not demonstrated by most 
routine histological methods, Mallory’s connective tissue stain, which 
colours the filaments a pale blue, being an exception. The zonular fibres 
are also stained blue by this method. 


Histochemistry 

Special Microscopy.—The filaments are monorefringent in polarized light, 
and do not exhibit fluorescence in ultraviolet light of 3,650 A. 

PROTEIN: Millon’s reagent for tyrosine-containing protein imparts a faint orange 
colour to the filaments, scarcely distinguishable from that of the capsule. 


Lipip: Staining with Sudan Black B does not reveal any lipid. The acid- 
haematin method for phospholipid is also negative. 

CARBOHYDRATE: It is well known that the lens capsule is rich in polysaccharide 
(Krause, 1933) and that it gives an intense magenta-scarlet colour with the periodic 
acid-Schiff (PAS) technique of Hotchkiss (Day, 1950) in sections. The filaments 
are not seen in ordinary sections stained in this way, but in thin methacrylate 
sections (of a thickness approximating to the filament width) the filaments can be 
seen as distinct entities, in spite of the fact that they are stained in a pink shade 
similar to that of the surrounding capsule. 

These results indicate that the filaments (like the capsule itself) contain a 
protein-polysaccharide complex. The possibility that this compound might 
be an acid mucopolysaccharide was next investigated. 

AcID MUCOPOLYSACCHARIDE: After staining with 1 per cent. toluidine blue for 
1 hr some of the filaments are faintly coloured. It is difficult to be sure about 
the colour values in such minute structures, but they appear blue rather than red. 
Incubation of fixed sections with hyaluronidase (Benger) 300 units/ml. for 3 hrs 
did not affect this staining. Several techniques, all of which may be used to 
demonstrate acid mucopolysaccharides, were next used. They included Gram’s 
stain, mucihaematin, mucicarmine, Gomori’s aldehyde fuchsin, Alcian blue 8G.S, 
and the Rinehart-Abul-Haj method. All gave negative results. 

BASOPHILIA: The weak basophilia of the filaments exhibited with toluidine blue 
can be accentuated by prior oxidation of the sections with periodic acid or per- 
manganate. Presumably more acidic groupings are formed by oxidation. The 
first step of Gomori’s chrome haematoxylin method (Gomori, 1941) embodying 
these principles shows the filaments clearly. As shown in Fig. 1, the zonular 
fibres are also stained black; however no connexion could be seen between the 
zonular fibres and the filaments. 


Capsular Filaments and Senile Cataract 


The majority of the capsules from thirty lenses with varying degrees and 
types of senile cataract were studied by phase-contrast, and also with the 


staining method just described. 
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Capsular filaments were present in all lenses examined (Fig. 3); they were 
similar in form and distribution and apparently just as densely aggregated 
as those seen in transparent lenses of a similar age group. Three lenses 
were hypermature; serial sections of one of them show filaments of normal 
appearance in every section. 


pi a 
Fic. 3.—Meridional celloidin section of mature senile cataract, showing an abundance of 
capsular filaments. The capsule is thinner than in a normal lens, probably because of 
stretching by intumescent lens matter. Chrome-haematoxylin (Gomori). x 1,300. 


In a few instances it was noticed, when making flat preparations, that 
cataractous lens matter remained firmly adherent to the capsular epithelium. 
Phase-contrast microscopy—as might be anticipated—does not reveal 
capsular filaments in such thick preparations. However, if these capsules 
are now stained with the method given above, filaments which are entirely 
normal in appearance and number become readily visible. 

It is concluded that the capsular filaments undergo no change in number 
or morphology that can be correlated with the genesis of senile cataract. 


Are the Capsular Filaments an Artefact ? 


The question of artefact naturally arises in any new morphological finding, 
and probably no tissue is more prone to artefact than the crystalline lens. 
The following experiment was designed to obviate as many factors conducive 
to artefact as possible. 


Three opaque human lenses were placed in fresh pooled ox aqueous humour at 
room temperature immediately after removal from patients by the intracapsular 
extraction technique. The capsules were dissected under aqueous humour. 
Appropriate flat preparations were then mounted in aqueous humour and. cover 
slips ringed with Vaseline. Under phase-contrast, filaments corresponding exactly 
in morphology and situation to the description given above for fixed materials 
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were readily seen in preparations from the three lenses. The time between placing 
the lens in the aqueous humour and discovery of the filaments was not more than 


10 minutes. 
This experiment excludes the production of artefact by fixation, it also 


appears to eliminate post-mortem change and the gross milieu alterations by 
the synthetic mountants previously used. 


Comment 


Examination of human lens capsule by phase-contrast microscopy demon- 
strates a striking aggregation of fine thread-like structures in a restricted 
zone of the anterior lens capsule. This observation, first made by Monahan 
(1953), is amply confirmed by the present study. In other ways the present 
observations diverge considerably from Monahan’s findings. The structures 
in question are described in the present study as solid filaments about 3 to 
20 long; Monahan saw them as fine tortuous channels some 2 or 3 mm. 
long. 

This striking discrepancy in observations may be due to difficulties inherent 
in phase-contrast microscopy. When thick tissue sections are examined by 
this method diffraction rims often make it very difficult to interpret the true 
nature of surfaces and interfaces; in these circumstances specific staining 
methods may afford more precise information. Furthermore, Monahan did 
not examine flat whole-mount preparations, such as that illustrated in 
Fig. 2. Such preparations leave no doubt as to the definitive length of these 
structures. 

Grignolo (1954) and Garzino (1954), both using phase-contrast, looked 
specifically for the “channels” described by Monahan, but were unable to 
find them or indeed any comparable structure. 

Neither Monahan nor I was able to find these structures in animal lenses. 

These filaments cannot be demonstrated satisfactorily with the usual 
histological stains. Histochemical tests show that they contain a basophilic 
protein-polysaccharide complex. 

Wislocki (1952) noted that zonular fibres of the rhesus monkey (Macaca 
mulatta) were stained black by the Gomori chrome-haematoxylin method, 
although the hyaline capsule and the pericapsular membrane (zonular 
lamella) did not stain with chrome haematoxylin. McCulloch (1954) and 
Gifford (1958) have subsequently used this technique on the human lens to 
demonstrate the zonular fibres. Capsular filaments were not noted by these 
or subsequent investigators. 

Capsular filaments are found in a zone of the capsule roughly corre- 
sponding with the attachment of the anterior zonular fibres. The possibility 
that the capsular filaments might have a connexion with the overlying 
orbiculo-anterior capsular fibres was therefore considered.* Supporting 





_ * It is generally accepted that the anterior zonular fibres terminate in sprays of minute fibrils 
in the peri-capsular membrane (Garzino, 1954). 
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this idea is the similarity in staining and histochemical properties of these 
two structures: both show slight affinity for toluidine blue and other basic 
dyes; both exhibit increased affinity for certain basic dyes after preliminary 
oxidation with periodic acid or potassium permanganate; both are coloured 
by the aniline blue component of Mallory’s connective tissue stain; and both 
give a positive reaction for polysaccharide with the periodic acid-Schiff 
technique. However, in spite of careful searching, no connexions between 
the zonular fibres and capsular filaments were found; they appear to be 
quite separate entities, and this is further supported by the fact that no 
capsular filaments are found behind the equator, although many zonular 
fibres are attached to the posterior lens capsule. The final verdict in this 
matter must perhaps await electron microscopy. 


The possibility that the capsular filaments are an artefact has been con- 
sidered and investigated as far as possible. The results are against such an 
interpretation, but it must be admitted that the inevitable trauma involved 
in making preparations and removing lenses has not been excluded. 


Monahan, who studied the capsules from human senile cataractous lenses, 
noted that the number of visible channels varied inversely with the amount 
of cataract present, and that the channels were completely absent in total 
cataract. These observations and the results of his experiments on cataract 
production in animals led him to postulate blockage of the channels as the 
cause of senile cataract. In the present study no correlation between the 
number of filaments and the amount of cataract present was found; on the 
contrary these structures were present in apparently undiminished density 
and unchanged form in all thirty cataractous lenses examined. Moreover, 
they were apparently unchanged and appeared in normal density even at 
the hypermature stage of senile cataract. 


Capsular filaments are visible in material fixed in Palade’s solution and 
after subsequent embedding in methyl methacrylate, so that it may be 
possible to make further studies with the electron microscope—a method 
which was not available to me. 


Summary 
(1) Fine filaments, corresponding to previously described ‘channels’ in 
the lens capsules, have been studied. 


(2) Their staining and histochemical properties were investigated, and a 
method for their demonstration is described. 


(3) No relationship was found between these structures and the develop- 
ment of senile cataract. 


(4) The problem of the nature of these filaments is discussed. 
20 
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INTRAVENOUS UREA IN GLAUCOMA* 


BY 


C. G. KEITH 
London 


HYPERTONIC solutions have been used to reduce the intra-ocular pressure in 
glaucoma since Cantonnet (1904) first used hypertonic salt solution. The 
effect of different substances was extensively studied by Hertel (1914), who 
administered many different solutions, including urea, to rabbits, and 
measured the resulting fall in intra-ocular pressure. Substances used in 
clinical practice include sucrose, dextrose, and sorbitol, which act by in- 
creasing the osmotic pressure of the blood; hence it is their concentration 
in molecules and not their weight in grammes that is significant. The dis- 
advantages of sucrose are that it has a large molecular weight so that large 
amounts of it have to be given to exert sufficient osmotic pressure, and that it is 
also nephrotoxic and diffuses rapidly in the tissues. Dextrose and saline 
also diffuse in the tissues too rapidly to produce an effect of sufficent duration 
so that a rebound of intra-ocular pressure quickly occurs. The efficiency 
of sorbitol is doubtful and it is also said to be nephrotoxic. Bellows, 
Puntenney, and Cowen (1938) found its effect to be greatest 24 hours after 
administration, which could not have been due to its osmotic effect. 

Urea has been used as a diuretic in cases of oedema and also for reducing 
the intracranial pressure from various causes (Stubbs and Pennybacker, 
1960). The need for an osmotic agent for reducing intra-ocular pressure 
has been much less since the introduction of carbonic anhydrase inhibitory 
drugs, but a few patients become resistant or intolerant to these drugs. 
Urea can be used to reduce the pressure before operation on glaucomatous 
eyes. The dangers of operating on eyes in which the intra-ocular pressure 
is raised include haemorrhage, prolapse of iris, lens, and vitreous, and 
expulsive haemorrhage. It obviates the need for a posterior sclerotomy 
when operating on cases of malignant glaucoma, before cyclodialysis and 
injection of air into the anterior chamber. 


Technique 


The ureaf is used as a 30 per cent. solution in 10 per cent. invert sugar, 
which reduces the tendency to haemolysis. The urea solution is freshly 
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prepared and the solvent must be warmed before adding the urea as the 


dissolution is an endothermic reaction. The patient is catheterized using 
an indwelling catheter and placed on continuous drainage. There is a very 


rapid diuresis and the patient may become very distressed if not catheterized 
before starting to administer the urea solution as an intravenous drip. The 
solution is allowed to run in at approximately 30 to 40 drops per minute, 


so that the total dose is between 1 and 1:5 g. urea per kg. body weight, and 
the administration lasts for about one hour. After half-an-hour the ocular 


tension is usually soft and the operation can be performed. An expendable 
intravenous drip outfit is supplied with the preparation used in these cases. 

In this short series the urea was administered only to patients who were 
resistant or intolerant to Diamox, and it was always given immediately 
before the operation. 


Case Reports . 


Case 1, a man aged 73, was first seen on May 5, 1960, when he had had an acute attack of 
glaucoma for 3 weeks in the left eye. The right eye was normal but had a very narrow 
angle in the anterior chamber. The visual acuity in the left eye was reduced to hand 
movements and the tension was 70 mm. Hg (Schiétz). 

He was treated with eserine drops and Diamox by injection and tablet. The ocular 
tension fell to 28 mm. Hg the following day, but the next day rose to 35 mm. Hg; it 
stayed at that level for 2 days and then rose to 55 and even to 70 mm. Hgin spite of 
Diamox 500 mg. 6-hourly. An intravenous urea drip was started and within 90 minutes 


the tension had fallen to 20 mm. Hg (Fig. 1, opposite). 


A left iris inclusion was performed without difficulty and the patient made an un- 
eventful recovery. 


Case 2, a man aged 75, was seen on June 17, 1960, with an acute attack of glaucoma in 
the left eye, which had lasted for 3 weeks. The right eye was normal apart from 
a very shallow anterior chamber. In the left eye the ocular tension was 60 mm. Hg 
(Schi6tz) and there was extensive iris atrophy. The patient was treated with Diamox 
tablets and eserine drops and the tension fell gradually over the next 3 days to 20 mm. Hg. 
At this stage the Diamox tablets were discontinued, but this was followed by a rise in 
tension to 50 mm. Hg, and this high pressure was not controlled by re-commencing the 
Diamox. On the next day an intravenous urea drip was started and the pressure fell to 
20 mm. Hg. within 45 minutes (Fig. 2, opposite). 

A left iris inclusion was performed and no difficulty was experienced apart from some 
operative hyphaema. At present there is a good draining bleb and the tension is normal. 


Case 3, a woman aged 64, was deaf and blind with bilateral corneal opacities. In 
September, 1959, a lamellar corneal graft was performed on the right eye. In June, 
1960, a cataract extraction was proposed, the patient was prepared for operation by 
cocainization of the right eye and administration of gutt. Phenylephrine 10 per cent. 
The operation had to be postponed however as the patient was very restless and unco- 
operative. The following day she vomited and complained of pain in the right eye and 
the intra-ocular pressure was found to have risen to 45 mm. Hg (Schiétz). She was 
treated with eserine drops and Diamox tablets and the tension fell to 32 mm. Hg, but 
she later vomited copiously and became very drowsy and dehydrated. The pressure rose 
to 45 mm. Hg but fell to 28 mm. Hg on the morning of the operation. As this was 
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such a complicated case it was decided to reduce the pressure even further and an intra- 
venous urea drip was started (Fig. 3). The intra-ocular pressure became unrecordable after 
75 minutes, and as the lens had become dislocated an intracapsular cataract extraction 
was performed with a vectis. No difficulty was experienced in making the cataract section 
in spite of the soft eye, but the post-operative condition of the eye is poor. 
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Fic. 3.—Progress in Case 3. 


The effect of other carbonic anhydrase inhibitors was not tested on these 
patients. None of these patients experienced any untoward after-effects 
from the administration of the urea. 


Discussion 


Intravenous urea is a potent drug for reducing the intra-ocular pressure. 
It is believed to act by its osmotic effect, as urea does not diffuse freely into 
the anterior chamber and the concentration in the aqueous humour is less 
than that in plasma. The.rate of transfer of urea into the aqueous humour 
is slow. It has been suggested that the diuretic effect of the urea causing 
relative dehydration produces the fall in pressure (Bunge, Danforth, and 
Settlage, 1957), but Javid and Anderson (1959) showed by experiments on a 
nephrectomized cat that it was the change in the osmotic pressure of the 
blood that caused the fall in intracranial pressure and the behaviour of the 
intra-ocular pressure is probably analogous. de Roetth (1954) has shown 
that the facility of aqueous outflow remains constant during the adminis- 
tration of sorbitol; hence the reduction in pressure must be due to a reduction 
in aqueous inflow. 

Urea has been shown to be more effective in reducing the intra-ocular 
pressure than the other substances that have been tried (Galin, Aizawa, and 
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McLean, 1959a). It is non-toxic and rapidly excreted, and because of its 
very low molecular weight small amounts exert a relatively great osmotic 
effect. The clinical state of uraemia is almost certainly caused not by the 
retention of urea but by other factors, including the failure of other renal 
functions such as the regulation of the acid-base balance, the production of 
renin causing hypertension, the maintenance of body water, and electrolyte 
control. The use of urea is not recommended in the presence of renal 
failure, although its use in such cases has not been attended by harmful 
effects. 

Toxic reactions to urea are rare. Rigors have been reported but these 
may occur during any intravenous infusion and may not have been related 
to the urea. The vein into which the solution is passing may become 
inflamed, which may be due to the hypertonicity of the solution. Stubbs 
and Pennybacker (1960) found that bleeding was increased in the early 
stages of operations on the brain after administration of intravenous urea. 
In one of our cases there was troublesome bleeding, but this may have been 
due to the congested state of the eye before operation. Urea has been 
administered orally but its application has been limited by its unpalatability 
(Galin and others, 1959b). Duke-Elder (1926) showed that saline and 
dextrose were more effective when given intravenously than orally. 


Summary 


Intravenous urea administered to three patients who were resistant to 


Diamox therapy was followed by an immediate reduction in the intra-ocular 
pressure. 


I wish to thank Mr. A. G. Cross, Mr. A. G. Leigh, and Mr. Redmond Smith for permission to 
publish details of their cases, and Baxter Laboratories for supplying the urea preparation. 
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METHOD FOR KERATOGRAPHIC RECORDING* 


BY 


RONALD PLUMMER anp ADRIAN LAMB 
Perth Chest Hospital and Royal Perth Hospital, Western Australia 


FINCHAM (1953) gives the history of keratography and discusses its value in 
ophthalmology. Commercially-produced apparatus to fulfil the functions 
described are marketed under the names Zeiss Corneal Reflectograph 
(Jeffreys, 1953) and A.I.M. Photo-Keratoscope (Hansell, 1956). Stein 
(1958) describes an apparatus which he has produced for photo-keratography. 
It is not our intention to review this excellent work, but to give details of the 
methods employed in our department. 


Procedure 
Apparatus.—A target similar to that described by Fincham (Fig. 1) was pro- 
duced by making a stencil and painting it on to a circular piece of medium opal 
Perspex 8-75” in diameter. The main body of the apparatus was made from two 
9” diameter cake tins, and the light source was a circular cold cathode tube, made 
by a local company engaged in the manufacture of neon signs. 


Fic. 1.—Fincham type target. 


The camera used was a 35-mm. Exakta single lens reflex with extension tubes 
and an adapter to accept the optical component, a 50 mm. f.3-5 Berthiot Stellor 
enlarging lens. A small amount of metal work to fit the components together, 
was carried out in the hospital workshops. The Perspex target was fitted into 
the base of one cake tin, which had had a hole 8” in diameter cut in the bottom, 
and the cold cathode tube was attached to the interior of the other cake tin by 
spring clips (Fig. 2). A camera extension ring with the Exakta fitment was then 
attached to the rear of the tin. The lens and the lens hood were connected to the 
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rear Exakta fitment extension ring by means of extension tubes and an adapter, 
and protruded through a hole in the centre of the Perspex target, the camera being 
connected and disconnected in the usual manner. The distance from the front 
of the camera to the front of the lens was 62 mm. The apparatus (Fig. 3), being 


" of fixed focus, necessitated total movement when focusing. 


Fic. 2.—Cold cathode tube and housing. Fic. 3.—Apparatus assembled. 


In practice, the distance from eye to target was 85 mm. and the resultant image 
covered a reasonable proportion of the cornea (Fig. 4). 


Fic. 4.—Normal corneal reflex. 
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Photography.—Viewing on the ground glass screen of the camera, the target is 
focused on the cornea and the exposure made in the usual manner. Using F.P.3 
film developed in I.D.11 for 12 min. at 68°F., the exposure was 1/25 sec. 


Calibration—Three ball-bearings of known radius were photographed, the 
image was multiplied by 5 on to glossy paper, and a graph was drawn (Fig. 5), on 
which the ordinate was the radius of the bearing in millimetres, and the abscissa 
was the size in millimetres of the third ring of the image on the glossy print. 
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Fic. 5.—Measurement graph. 


The selection of the third ring for calibration purposes and the degree of enlarge- 
ment used are optional, but once the calibration has been made for a selected ring 
or enlargement, no deviation can be allowed. For measuring purposes, it would 
be possible to use a target of only one ring, provided a graph was drawn as 
described above, but for the visual inspection of the irregularities and abnormalities 
of the corneal surface, the Fincham type target is desirable. 


Discussion 
From the ophthalmologist’s point of view, the simplicity and cheapness 
of this device are its greatest assets. In addition, it is portable and can be 
carried about from one clinic to another or used in the consulting room. In 


practice it has been found simple to use, and gives an accurate recording of 
the corneal curvature. 


Keratoconus (Fig. 6, opposite) is fairly common in Western Australia, and 
this apparatus has been found very useful in recording the gradual changes 
in curvature which occur as the condition progresses, thereby assisting in the 
assessment of prognosis. 
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Fic. 6.—Keratoconus with some keratomalacia. 


- The instrument is also useful in keratoplasty for recording the condition 

of the cornea before operation (Fig. 7); the photograph and the curvature 
graph assist the surgeon in deciding what size graft is required. Post- 
operatively (Fig. 8), the gradual changes which can be observed in the 
curvature of the graft have supplemented clinical observation. 





Fic. 7.—Corneal scarring before lamellar graft. | Fic. 8.—6 weeks after lamellar graft (A.L.). 


Summary 


An inexpensive and convenient method of photo-keratography, using a 
35-mm. single lens reflex camera is described together with a method for 
measurement. 


We wish to thank Mr. K. Locke and Mr. H. Klavins, of the Public Health Department of 
Medical Photography, for their assistance. This work would not have been possible without 
the co-operation of Perth Ophthalmic Surgeon, Dr. R. Linton. Our thanks are also due to the 
Commissioner of Public Health for permission to publish this article. 
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SACHS’S MEDIUM FOR THE STORAGE OF DONOR EYES* 
A RECENT TRIAL 


BY 


D. J. FITZMAURICE 
Manchester Royal Eye Hospital 


IN recent months the use of Sachs’s medium for the storage of donor eyes 
(Sachs, 1957) has been investigated in an endeavour to find a more suitable 
medium than liquid paraffin. Over the course of approximately 5 months, 
Sachs’s medium was used for the storage of alternate pairs of donor eyes, a 
total of 28 eyes being used in the investigation. 


Results 


Of these 28 eyes, fourteen were found to be sterile on routine culture, and 
the remaining fourteen were contaminated with pathogenic organisms. A 
contamination rate of 50 per cent. is felt to be unsatisfactory. 

According to Sachs, the colour of the medium should indicate sterility or 
bacterial contamination at a glance, without waiting for a culture report, 
but in this investigation the colour of the medium never changed with 
sterility or contamination, so that routine culture reports still appear to be 
necessary. 

Ideal storage conditions include osmotic equilibrium between medium 
and eye, and according to Sachs, slight hypertonicity is justifiable in practice 
and prevents excessive hydration of the cornea. The majority of eyes in 
this investigation showed considerable loss of volume after several days’ 
storage, indicating that the hypertonicity of the medium was too great. 

The vitreous in these eyes was found to be considerably darker and more 
viscous than usual, often containing pigmented strands, and in only four 
eyes was it in a satisfactory condition and suitable for use in cases of retinal 
detachment. 

In most of the sterile eyes the corneae remained fairly clear. 

According to Sachs, eyes stored in his medium remain in a better con- 
dition and show less degenerative changes after 14 days’ storage than eyes 
stored in liquid paraffin, but the general appearance of the eyes used in this 
investigation did not support this claim. 

The use of nutrient agar and a sugar in a storage medium would appear 
to be undesirable from a bacteriological point of view, and a non-nutrient 
medium would seem preferable. 





* Received for publication August 2, 1960. 
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The inclusion of phenol red as indicator did not prove to be of value. 

The inclusion in a storage medium of chloramphenicol and streptomycin, 
both of which have known toxic effects, may have detrimental effects on eyes 
stored for more than 24 to 48 hrs. 


Summary 
(1) Sachs’s medium did not prevent or eliminate bacterial contamination. 
(2) Bacterial contamination was not indicated by a change in the colour 
of the medium. 


(3) Osmotic equilibrium between the medium and the eye was not main- 
tained, the majority of eyes stored in the medium showing considerable loss 


of volume. 


REFERENCE 
Sacus, A. (1957). Brit. J. Ophthal., 41, 558. 








Brit. J. Ophthal. (1961) 45, 318. 


CORRESPONDENCE 
EARLY OPERATION FOR SQUINT 


To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 
Sirs,—It is the common experience of those surgeons who operate early on children 
with constant convergent squint of onset before the age of 2 years that, in those cases 
which they are able to follow up, if all the manifest obstacles to development of binocular 
vision are removed, a small proportion will attain full binocularity, a much larger pro- 
portion will become partially binocular (constant slight deviation, usually with abnormal 
retinal correspondence, fusion with some amplitude, and some degree of stereoscopic 
vision), and the remainder will either develop no fusion amplitude or continue to suppress 
the image of one or other eye. 

Dr. Arruga and Miss Downey (Arruga and Downey, 1960) condemn the practice of 
early operation because of the apparent impossibility of improving on the condition of 
partial binocular vision, and recommend constant occlusion until operation at a later age 
on the ground that abnormal retinal correspondence can thus be prevented. But they 
offer no evidence that the development of fusion (which cannot under these conditions 
have begun) will then proceed. If they can show that by prolonged occlusion and later 
operation better binocular results are attained in these constant convergent squints of 
early onset than by straightening the eyes as soon as this can be done, apart from the 
practical difficulty and possibly adverse psychological results of continuous occlusion for 
several years, earlier operation might well be contraindicated. There cannot be much 
scope for orthoptics unless fusion begins, even at this late stage, to develop spontaneously, 
and if this does not happen in a reasonable proportion of these cases (of constant con- 
vergence with early onset), some surgeons would prefer to obtain fusion amplitude with 
abnormal retinal correspondence than to maintain normal retinal correspondence but 
with little or no fusion. 

























Yours faithfully, 
G. J. O. BRIDGEMAN. 






6, DEVONSHIRE PLACE, 
W.1. 


January 7, 1961. 
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BOOK REVIEWS 





The Ophthalmologist (Der Augenarzt). Volume III. Edited by K. VELHAGEN. 1960. 
Pp. 1194, 814 figs (345 col.). Thieme, Leipzig. (D.M. 194.50.) 

The third volume of this admirable series, which has now been published, should 
receive as wide a welcome as its predecessors. Diseases of the eyelids are discussed by 
Heydenreich (Magdeburg), of the conjunctiva by Rieger (Linz), of the cornea by Giinther 
(Greifswald), of the lens by Sautter (Hamburg), and of the vitreous by Hruby (Graz), and 
anomalies of the aqueous humour by Remky (Munich). A long section by Hamburger 
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(Vienna) deals with the physiology of binocular vision and ocular motility, the clinical 
aspects and treatment of heterophoria and squint, anomalies of the movements of the 
eyelids, and nystagmus. The standard throughout is high and it is difficult to pick out 
chapters of special interest, but the detailed assessment of the treatment of concomitant 
strabismus by orthoptics and pleoptics and Hruby’s contribution to the subject of 
anomalies of the vitreous as studied by focal illumination are outstanding. The biblio- 
graphies are by no means exhaustive but are useful in that they contain the most important 
references, and the illustrations are unusually good and informative. For readers of 
German, the text-book must rank as an unusually useful addition to the ophthalmic 


library. 


Importance of the Vitreous Body in Retina Surgery. Edited by C. L. ScHEPENS. 1960. 
Pp. 226, 130 figs (4 col.), 3 col. plates. Kimpton, London. (£5 12s. 6d.) 

Symposia are becoming an integral part of American ophthalmology and there is no 
doubt that the thoughts and arguments of a restricted number of experts on a specific 
and restricted subject are of unusual interest. Not only do they provide a bird’s-eye 
view of authoritative opinion upon a problem at a particular time, but in the course of 
discussion they bring to notice the many lacunae in our knowledge, and (most interesting 
of all) they record the guesses which authority makes when pressed to fill the blanks. 
The report of the Second Conference of the Retina Foundation held at Boston, Mass. 
in 1958, and now edited by Schepens, certainly does not lack interest. The discussion 
deals first with the structure and behaviour of the vitreous and its relation to detachment 
of the retina and, secondly with the most favourable surgical techniques to adopt in 
difficult cases, particularly in operations subsequent to an initial surgical failure. One 
of the most interesting suggestions by Zimmerman in the first part is that the retina is 
normally glued to the pigment epithelium by a mucopolysaccharide, that the surface of 
the vitreous is in intimate relation with the retina, particularly in the neighbourhood of 
retinal vessels, and that one of the primary functions of the vitreous is to form a barrier 
preventing the penetration of cells; this barrier breaks down when the vitreous becomes 
detached so that in this event a new-formed cellular membrane grows over the inner 
surface of the retina and the outer surface of the collapsed or retracted vitreous, which 
results in retinal tears. The case is not by any means fully made out; but the suggestion 
isinteresting. It is admitted that the surgical methods of repair of a detachment are still 
in a state of flux. The place of scleral buckling with polyethylene tubing, as would be 
expected in a conference held in Boston, held its own; but Custodis of Diisseldorf was 
confident of the efficiency of his technique of implanting an elastic Polyviol cone-shaped 
implant opposite the retinal hole under a scleral suture. 

The book reads interestingly and runs spontaneously, and is edited with more skill 
than the usual Symposium. 


Light Coagulation. By G. MEYER-SCHWICKERATH (translated by S. M. DRANCE). 1960, 
Pp. 114, 55 figs. Kimpton, London. 
This is a close translation of the original German monograph which appeared in 1959 
and was reviewed in this Journal, in May, 1960 (Vol. 44, p. 320). 


Sédan’s Re-educative Treatment of Suppression Amblyopia. Translated by T. KeiTH 
LYLE, C. DOUTHWAITE, and J. WILKINSON. 1960. Pp. 135. Livingstone, 
Edinburgh. (25s.) 

In 1958 Sédan’s original French text appeared, and it has so greatly impressed ophthal- 
mologists in Great Britain that only 2 years later an English translation has been published. 

The book contains passages in print of different sizes, pictures, and simple diagrams all 


including errors which the patient has to detect using his amblyopic eye. 
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Anatomy and Physiology of the Eye (After Galen, 131-201 a.p.). By JoHN S. KINNAs. 
1960. Pp. 141. Skouteri, Corinth, Greece. 

Under the heading ‘‘ Anatomy and Physiology as described in Galen’s Scientific Work”, 
the author presents Galen’s knowledge from a perspective of two thousand years. 
He describes and analyses Galen’s brilliant contribution to the anatomy and physiology 
of the eye—knowledge which became authoritative for his contemporaries and immediate 
successors. 

This monograph is based on the original text in ancient Greek as well as the modern 
Greek version. 


NOTES 


MOorFIELDS RESEARCH SCHOLARSHIP, 1962 


The Moorfields Research Scholarship for 1962, of the value of approximately £300 
sterling, will be awarded for the best essay on “The Clinical Value of Tonometry and 
Tonography”’. 

The prize is open to ophthalmologists of all nationalities. The essay must be pre- 
sented in the English language and should be signed by a motto or a pseudonym, and 
accompanied by a sealed envelope containing the name of the author, the motto being 
shown on the outside. 

The essay should be sent to the Director of Research, Institute of Ophthalmology, Judd 
Street, London, W.C.1, England, before July 31, 1962. 


IRISH OPHTHALMOLOGICAL SOCIETY 
Annual Meeting, 1961 


The annual meeting of the Irish Ophthalmological Society will be held in Dublin on 
April 27-29, 1961. The Montgomery Lecture will be given by Prof. J. Francois (Ghent) 
at the Royal College of Surgeons, Dublin, on April 27. 


OBITUARY 


JOHN BENSON, M.B., Ch.B., F.R.C.S.Ed. 
1904-1961 


Mr. John Benson, consultant ophthalmic surgeon to the Bradford Royal Eye and Ear 
Hospital, died suddenly at his home in Bradford on February 14, 1961. 

He graduated at the University of Leeds in 1927, and then held the post of resident 
ophthalmic officer at Leeds General Infirmary for 5 years. Thereafter he held the position 
of clinical tutor and clinical assistant in ophthalmology at Edinburgh Royal Infirmary. In 
1938 he returned to Bradford to join the consultant staff in ophthalmology at the Bradford 
Royal Eye and Ear Hospital, where throughout his life he was one of the best-liked and 
most highly esteemed members of the staff. 
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COMMUNICATIONS 
STUDIES ON DEVELOPING RETINAL VESSELS 


Vill. EFFECT OF OXYGEN ON THE RETINAL 
VESSELS OF THE RATLING* 


BY 
NORMAN ASHTON AND ROLF BLACH 
Department of Pathology, Institute of Ophthalmology, University of London 


In 1953 it was found that exposure of kittens to high ambient concentrations 
of oxygen resulted in obliteration of their retinal vessels, and that subsequent 
return to air resulted in vasoproliferation (Ashton, Ward, and Serpell, 1953). 
It was later briefly reported that the retina of the ratling was considerably 
less susceptible to hyperoxia than that of the kitten, since only the posterior 
vessels were obliterated, but no opinion was given on vasoproliferation at 
that time as the ratlings had not survived on transfer to air (Ashton, Ward, 
and Serpell, 1954). 

Other workers, however, have reported that the retina of the ratling 
behaves in an exactly similar way to that of the kitten (Patz, 1954a,b; 
Brands, Hofmann, and Klees, 1958); indeed ratlings were some of the chief 
experimental animals used by Patz, Eastham, Higginbotham, and Kleh 
(1953) and by Patz (1954a,b) in demonstrating retinal vasoproliferation due 
to oxygen exposure in their studies on retrolental fibroplasia. Patz (1954a) 
also reported complete obliteration of the retinal vessels of the rat after 
3 days’ exposure to hyperoxia and he obtained vasoproliferation in oxygen 
—a finding which was not confirmed by Brands and others (1958). 

In view of these conflicting results and because the ratling would be a 
more convenient animal than the kitten for this type of work, we have carried 
out a further series of experiments to determine the effect of hyperoxia on 
the retinal vessels of the ratling. 


ANATOMICAL CONSIDERATIONS 


The anatomy and development of the retinal vasculature of the rat have 
been described in detail by Hesse (1880), Bruns (1882), Michaelson (1954), 
Janes and Bounds (1955), and more recently by Cairns (1959); apart from 
some minor differences their findings have been confirmed in the present 
study, which involved the examination of 53 normal animals of the following 
ages in days—4, 6, 8, 12, 21, 26, 31, 33, 36, 41, and adult. All specimens 
were examined by injection and 26 by histology (Table I, overleaf). In our 
experience the pattern and rate of growth of the vessels is much more variable 
in comparable animals than has been described by the above authors. 





3 * Received for publication November 8, 1960. 
1 
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TABLE I 
NORMAL CONTROLS 





: Number Age at Death Posterior Vessels 
Rapertnant No.’ | of Ratings (days) Deep Plexus in Vitreous 





10 4 0 

1 6 

1 6 0 
8 





0 








Developing 
(from venous side) 





12 + 
21 
21 
26 
31 

















31 pie 
33 Present 
36 Absent 











41 Absent 





20c 41 cae 
*22A | Adult Absent 




















This Table shows the number and ages of normal animals examined, and indicates the groups in which the deep plexus 
was seen posteriorly in injected retinae, and those in which vitreal vessels could still be seen in sections. 
* Experiments in which histological examination was carried out in addition to injection. 

The retinal vessels arise at birth or shortly before from central vessels at 
the optic disc, and usually form six arteries and six veins,* which radiate 
symmetrically from the disc, alternating with each other, and initially forming 
a primitive capillary net in the nerve fibre layer. A peri-arterial capillary- 
free zone is evident throughout and persists in the adult pattern. The super- 
ficial vascular layer is complete by the 11th day, the peripheral vessels being 
the last to mature. The deep capillary net begins to form at the 8th to 9th 
day and is complete by the 15th day, when the final adult vascular arrange- 
ment is reached. The superficial capillary net, having lost its foetal pattern, 
is now seen to be almost entirely arterial in character, with no intercom- 
munications or connexions with the veins in the superficial layer. The 
original venous connexions atrophy with the development of the deep net, 
although remnants are represented by occasional capillary communications 
between artery and vein. Branches from the superficial capillary net dip 





* The number is variable: note there are ten vessels in Fig. 12b, thirteen in Fig. 7, and sixteen in Fig. 6. 
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down sharply into the retina to join the deep capillary nets on either side of 
the inner nuclear layer; the deeper of these nets, in contrast to the most 
superficial plexus, is entirely venous, and drains into tributaries, the largest 
being peripheral, which travel steeply towards the surface of the retina to 
the main veins (Figs 1, 2 and 3). poner 








— 


Fic. 1.—Diagram illustrating development of 
vessels of the rat retina. The deep capillary 
plexus, on either side of the inner nuclear layer, 
develops by downgrowth from the primitive super- 
ficial net, and the original venous connexions 
atrophy (arrow). The adult superficial net thus 
becomes entirely arterial, while the deeper vessels 
are predominantly venous. 


Fic. 2.—Flat preparation of injected adult 
rat retina, showing an artery on the right 
and a vein on the left. Note that the super- 
ficial plexus is almost entirely arterial and 
that the twig-like branches show no inter- 
communications or connexions with the 
veins at this level. The deep plexus can be 
seen faintly in the background. x50. 


Fic. 3.—Section of injected rat retina, showing superficial plexus in 
stratum opticum communicating with the deep plexus on either side 


of the inner nuclear layer. x 280. 





324 NORMAN ASHTON AND ROLF BLACH 


As will be emphasized again later, the developing eye of the ratling sho.’s 
a dense meshwork of hyaloid vessels, well described and illustrated »y 
Cairns (1959); their outer component lies close to the retinal surface, a:.d 
these vessels may persist up to three and occasionally over four weeks—-a 
point of some importance in the interpretation of vasoformation in sectic:1s 


(Table I). 


MATERIAL AND METHODS 


Albino rats of the Wistar strain were used in all experiments. The mother rats 
and weaned ratlings were given food compound 41B and water ad lib. The 
experimental ratlings were exposed to oxygen concentrations ranging from 60 to 
80 per cent. in gas chambers at normal atmospheric pressure, as described by 
Ashton and others (1954), and at other times were kept in cages open to the 
normal atmosphere. 


ConTROLS.—These were obtained by transferring a proportion of each litter to a 
foster mother in air, but this was not done in all experiments since the normal 
development had been fully investigated as a preliminary study. 


INJECTION TECHNIQUES AND METHOD OF EXAMINATION.—At the end of every ex- 
periment the ratlings were injected intraperitoneally with a fatal dose of Nembutal, 
and were also injected via the left ventricle either by Indian ink, as described by 
Ashton and others (1954), or by a silver solution as described by Hausler and 
Sibay (1959). In the latter method the vascular system was first washed free of 


blood with normal saline, followed by 10 per cent. formol saline, and then by a 
solution consisting of 1 per cent. silver dinapthylmethane disulphonate (“ Via- 
cutan”’)* two parts, and 1 per cent. silver nitrate one part. The vessels were 
finally irrigated with distilled water and the eyes enucleated. 


The anterior segment of the eye was removed and the retina exposed to ultra- 
violet light for 3 to 5 minutes until the vessels turned brown. The retina was then 
dissected out and mounted flat in glycerine jelly. The silver injection, when 
successful, gave a clearer definition of the vessels than Indian ink, but was too 
unreliable for general use. Histological studies were usually made on the fellow 
eye—injected or uninjected. 


EXPERIMENTS.—A total of 174 (51 controls) Wistar albino ratlings were used. 
The experimental animals were exposed to oxygen at ages varying from the new- 
born to 11 days, and they remained in oxygen for periods varying from three to 
14 days. Some were then killed and examined immediately, while others were 
returned to air for 10 to 20 days before examination. An additional experiment 
was carried out to observe the effects of hyperoxia on the retinal vessels of the 
adult rat: eight rats were used, two being kept as controls and six being placed in 
70-80 per cent. oxygen for 4 days. Three were killed on coming out of oxygen, 
and three were killed after 10 days in air. These animals were injected with Indian 
ink and the retinal vessels were studied as described above. 





* Ward Blenkinsop & Co. Ltd., London. 
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EXPERIMENTAL FINDINGS 


It is convenient to consider the experimental results under two main 
headings : those obtained in hyperoxia and those obtained in air after exposure 
to hyperoxia. These are analysed in Table II and in Table III (p. 332). 


(1) EFFECT OF HYPEROXIA 


Sixteen experiments involving 67 animals were carried out to study the 
effect of hyperoxia alone. As may be seen in Table II, which shows the 
effect of hyperoxia for various periods of exposure (from 3 to 14 days) with 
increasing age (birth to 11 days and adult), obliteration of the retinal vessels 
occurred as a regular phenomenon but was confined to the capillaries at the 
posterior pole, the main vessels and peripheral capillaries being entirely 
unaffected. In the adult animal no vascular changes were observed. 


TABLE II 
EFFECT OF HYPEROXIA 





Oxygen Age at Posterior 


Number 
of Age | Exposure | Death 
Ratlings (days) (days) (days) Vaso- Deep 
obliteration Plexus 
4 4 + Absent 
4 Absent 
7 Absent 
13 Absent 
8 Absent 
8 Absent 
10 Absent 
10 Absent 
10 Absent 
10 Absent 
21 Absent 
21 Absent 
12 Absent 
15 Absent 
15 Absent 
Adult Present 





Experiment 
No. 
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The Table shows the number and ages of ratlings subjected to hyperoxia for varying periods, and indicates the vaso- 
obliteration obtained posteriorly. In all ratlings the deep plexus was absent posteriorly. 
Experiments in which histological examination was carried out in addition to injection. 
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The diagram in Fig. 4 shows the periarterial capillary-free zones in t ie 
normal retina of the ratling extending from the disc to the periphery .n 
sharply defined clear margins, well seen in specimens injected with Indi2n 
ink. In comparison with the retina from an animal treated in oxygen, it 
will be seen that these periarterial capillary-free zones have widened coa- 
siderably, mainly posteriorly and least anteriorly. As the vessels converze 
upon the disc, so these capillary-free areas gradually merge together, pro- 
ducing total capillary obliteration at the posterior pole and resulting in a 
star-shaped pattern of avascular tissue (Fig. 5). 


Fic. 4.—Diagram of normal ratling 
retina injected with Indian ink, 
showing the vascular pattern in an 
8-day-old control animal. Note 
the peri-arterial _capillary-free 
zones. ‘ 


Fic. 5.—Diagram of retina of an 
8-day-old ratling exposed to con- 
tinuous hyperoxia for 3 days. 
Note that the _ peri-arterial 
capillary-free zones have widened 
considerably, mainly posteriorly 
and least anteriorly. As _ the 
vessels converge upon the disc, so 
these capillary-free areas grad- 
ually merge together, producing 
total capillary obliteration at the 
posterior pole, and resulting in a 
star-shaped pattern of avascular 
tissue. 


These findings were much the same whether the rat had been exposed to 
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Fic. 6.—Photograph of injected retina 
from a 5-day-old ratling exposed to 
continuous hyperoxia for 3 days. 
Note typical star-shaped pattern of 
capillary obliteration. x 13-5. 


hyperoxia for 3 or 14 days 
(Figs 6, 7, 8), varying only 
with the extent of vascular 
development at differing ages. 


Fic. 7.—Photograph of injected 
retina from a 1-day-old ratling 
exposed to continuous hyper- 
oxia for 12 days. The star- 
shaped pattern of capillary 
obliteration is very similar to 
that seen in Fig.6. 9-75. 


Fic. 8.—High power of Fig. 6, 
showing total capillary oblitera- 
tion around the disc. x 22-5, 
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The only exception was in Experiments 1 and 2, in which the injecticn 
results showed attenuated developing vessels but no complete obliteratic a. 
No abnormal proliferations were seen in these injected preparations in eitker 
test or control animals. ; 

A similar pattern and extent of vaso-obliteration occurs also in the desp 
capillary net if this is present, as was shown, for instance, in Experiments 14 
and 15a in which the deep net would have been well-formed at the age the 
animals were subjected to hyperoxia (11 days). In the injected specimens a 
star-shaped area of obliteration could be seen, not only in the superficial 
capillaries of the posterior pole but also in the deep net in that region. If 
the animal is subjected to oxygen before the deep net has developed, i.e. 
before 8 or 9 days of age, the net will not develop until the animal returns to 
air. In other words, hyperoxia will not only obliterate the posterior deep 
plexus but will also prevent its development. 

On the other hand, hyperoxia does not prevent the growth of the main 
vessels or of the peripheral vessels—at least not to any appreciable extent. 
In Experiment 7A, for instance, a ratling exposed to oxygen from birth for 
7 days showed, apart from the obliterative oxygen effects already described, 
a retinal vasculature as advanced anteriorly as that of a normal animal. 
Similarly the deep net will also develop in oxygen in areas where the super- 
ficial net, from which it arises, is not obliterated. This was shown in 
Experiment 20p in which a 7-day-old animal was kept in oxygen for 14 days: 
the deep net developed quite normally anteriorly where the superficial 
capillaries were patent. 


Histology.—In five (15 animals) of the sixteen experiments shown in 
Table II, histological studies were made in addition to injections. In three 
of these experiments (Exps. 11B, 12B, and 13A) the animals were exposed 
to oxygen for short periods (3 or 4 days) and in two (Exps. 4 and 19p) for 
longer periods (12 and 14 days respectively). 

The vaso-obliterative effects of oxygen already described in the injected 
specimens could be confirmed in that no patent capillaries were seen in the 
posterior pole of the retina. In some sections the endothelial cells of 
collapsed capillaries could be discerned and showed degeneration as evidenced 
by karyorrhexis and pyknosis (Fig. 9a, b,c). PAS-staining revealed no 
further differences between test and control animals. 

No abnormal retinal vasoproliferation was found in any of the 75 sections 
examined, apart from a solitary doubtful nodule in one section (Exp. 19D, 
Fig. 10) which can be discounted in the presence of so many negative findings. 
Nor was a single retinal or vitreal haemorrhage seen. Hyaloid vessels were 
still evident in the vitreous in the oldest animals of the series (Exp. 19D; 
21 days), but this is not abnormal. There was no abnormal proliferation 
of these vessels and no evidence of disorganization of the vitreous. 
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(a) 


Fic. 9 (a, b, and c).—Sections of retinae of ratlings 
exposed to continuous hyperoxia for 4 to 7 days. 
Note karyorrhexis and pyknosis in degenerating 
endothelium of obliterated capillaries - (arrows). 
x700 x480 x1140. 


Fic. 10.—Section of retina of a ratling exposed to 
continuous hyperoxia for 14 days, showing a solitary 
nodule of endothelial cells in the stratum opticum. 
This was the only lesion found which could be inter- 
preted as abnormal vasoproliferation. 440, 


No degenerative cytological changes were found in the visual cells, the 
ganglion cells, or the cells of the inner and outer nuclear layers. 


(2) Errect oF AiR SURVIVAL AFTER HYPEROXIA 


23 experiments involving 62 animals were carried out to study the effect 
of varying periods of air survival (10 to 25 days) after varying periods of 
hyperoxia (3 to 14 days) with increasing age (birth to 11 days and adult). 
Table IIT (overleaf) shows that no abnormal vasoproliferations were found. 
Anteriorly, the periarterial capillary-free zone returned to its normal width, 
but the superficial capillary net, and deep capillary net if present at the time 
of exposure, remained permanently obliterated. 

Since the deep capillaries normally develop from downgrowths from the 
superficial net, obliteration of these parent vessels at the posterior pole in 
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an animal of under 9 days, prevents the formation of the deep plexus ir. the 
immediately subjacent area. Eventually, however, vessels at the perip..ery 
of this avascular zone grow centripetally to re-form the deep net, and : fter 
18 to 20 days in air this is virtually fully developed (Fig. lla, b; Fig. 12:7, 6, 
opposite). 


(a) 
Fic. 11 (@).—Control 31-day-old ratling retina injected by the silver method, showing normal 


vascular pattern. «x 33. 
Fic. 11 (6).—-31-day-old ratling retina injected by the silver method (Exp. 195). At 7 days old, 


the animal was exposed to continuous hyperoxia for 14 days and allowed to survive in air for 10 
days. The retina shows permanent obliteration of the superficial capillary net at the posterior 


pole, and re-formation of the deep capillary net. x 33. 


In older animals (over 9 days), in which the deep capillaries had been 
obliterated by oxygen, a similar process occurred, i.e. the deep plexus re- 
formed, although we cannot here exclude the possibility that some of the 
pre-existing vessels might have re-opened. No vessels, however, proliferated 
into the superficial peripapillary region which remained avascular for at 
least 25 days’ air survival (Exp. 21G)—and would probably have done so 
permanently. 

The final vascular pattern, therefore, was the same whether the animal 
was placed in oxygen at birth or up to 11 days of age, and whether it was 
kept in oxygen for 3 or up to 14 days. 


Histology.—Of the 23 experiments shown in Table III (overleaf), histo- 
logical studies were made, in addition to injection, in eleven experiments (41 
animals; Exps. 6, 8, 9, 10, 11c, 12c, 13B, 198, 19F, 21F, and 21G). The sections 
confirmed the findings already described in that no superficial net could be 
demonstrated in the posterior polar region of any of the ratling eyes. The 
deep net could be seen posteriorly in sections after 18 days’ survival in air. 

No abnormal vasoproliferations were seen in any of the 226 sections 
examined and only one solitary retinal haemorrhage was found (Exp. 138). 
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Fic. 12 (@).— High-power view of Fig. 11 (a). 
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0- . i “4 j ? 
et Fic. 12 (6).—High-power view of Fig. 11 (6). x 54. 
Ss (41 Note zone of capillary obliteration in superficial retina around disc. The deep 
tions capillary plexus (seen faintly in the background) has re-formed by centripetal 
id be growth from the patent vessels at the margin of the area of obliteration. 


The Remnants of the hyaloid vessels still persisted in the vitreous in 33-day-old 
ait. tatlings (Exp. 21G), but this is to be compared with the controls in which 
tions § they were also seen at 33 days (Exp. 21c). We found no evidence that 
3B). oxygen exposure resulted in any abnormal persistence of the hyaloid system. 
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No vitreous haemorrhages, no proliferation of vessels into the vitrecus, 
and no disorganization of the vitreous were found. 


TABLE III 
HYPEROXIA WITH AIR SURVIVAL 





Posterior 
Number} ge | ORS" | Air | Age at Vaso- 
Death Vaso- Deep prolifera- 


of 

; (days) posure : 
Ratlings (days) (days) | oblitera- | Plexus | tion 
tion 








18 + Absent 
20 Absent 
31 Absent 
31 Absent 
22 ? 

25 Absent 
0 Present 


























19 Histology only 





24 + ? 
26 
28 
31 
23 
25 
25 
25 
26 
28 4 

28 Present 
28 Present 
41 Present 


41 Present 
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The Table shows the number and ages of ratlings subjected to varying periods of hyperoxia with increasing periods 
of air survival, and indicates the persistence of vaso-obliteration in the posterior fundus, the reappearance of the 
posterior deep plexus, and the absence of abnormal vasoproliferation. 

* Experiments in which histological examination was carried out in addition to injection. 
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SUMMARY OF FINDINGS * 


(1) Hyperoxia without Air Survival 

(a) Widening of the peri-arterial capillary-free zone developed with oblitera- 
tion of the superficial capillary net at the posterior pole; this resulted 
in a star-shaped pattern of avascular tissue. 

(b) In younger ratlings the deep capillary net failed to develop in the same 
region; i.e. growth was arrested. 

(c) In older ratlings, in which the deep capillary net was already present at 
the time of oxygenation, it closed together with, and to the same degree 
as the superficial net; i.e. these capillaries were also obliterated. 

(d) The growth of the main retinal vessels and of the peripheral capillaries 
was not significantly affected. 


(2) Hyperoxia with Air Survival 


(a) Anteriorly the peri-arterial capillary-free zone returned to its normal 
width. 

(b) The closed superficial capillaries at the posterior pole neither re-opened 
nor re-formed on return to air, irrespective of the age of the ratling. 

(c) In contrast, the deep capillary net at the posterior pole re-developed 
(whether it had been arrested or obliterated), the vessels growing centri- 
petally towards the optic disc in an orderly manner from the patent 
vessels at the margin of the affected area. 


(3) Hyperoxia, with or without Air Survival 
(a) No abnormal vasoproliferations were obtained into either retina or 
vitreous—even posteriorly where the superficial capillaries remained 
obliterated. 


(b) No vitreal haemorrhages or disorganization occurred, and no abnormal 
persistence or proliferation of the hyaloid system was seen. 


(c) The retinal vessels of the adult rat were unaffected. 


DISCUSSION 


Our findings differ considerably from those reported in the literature by 
other workers. It is possible, of course, that the experiments of each group 
are not in fact truly comparable, for there may have been variations of un- 
recognized significance in the experiments or in the strains of animals used, 
but the conflicting evidence appears to be largely attributable to differences 
in the interpretation of histological appearances. 

In one of the earliest experiments carried out by Patz and others (1953), 
new-born ratlings were exposed to 80 per cent. oxygen for 21 days and then 
killed. The only retinal lesion found in the 27 oxygen-treated ratlings sur- 
viving at 21 days was prominent oedema of the inner layers of the retina in 





*It should be emphasized that these are the results as assessed by injections and sections. No direct observations 
on the living animal were made as the eye proved too small for this type of study. 
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six eyes. Persistence and proliferation of the tunica vasculosa lentis «nd 
disorganization of the vitreous were found in seventeen eyes; 29 conirol 
animals were normal. 

In a subsequent paper, however, Patz (1954a) described further chanzes. 
When “ rats ” (the age of these animals was not given) were exposed to 40- 
50 per cent. oxygen, a marked vasoconstriction of the retinal vessels was 
noted, but when the oxygen was maintained at 70-80 per cent. complete 
obliteration of the vessels resulted after 3 to 4 days’ exposure. After sub- 
jection to hyperoxia for 12 to 15 days, capillary tufts resembling glomeruli 
were found on the surface of the retina and in sections these were found to 
be typical capillary proliferations. Abnormal neovascularization thus 
occurred in his animals while actually under high oxygen concentration. 


There are therefore three main findings reported by Patz that we are unable 
to confirm: (1) total vaso-obliteration of the retinal vessels, (2) abnormal 
vasoproliferation in the retina, and (3) persistence and proliferation of the 
hyaloid vessels with disorganisation of the vitreous. 


In the experiments carried out by Brands and others (1958), 4-day-old 
ratlings were exposed to 70 per cent. oxygen for 6 days continuously, or 
with 30 minutes in air each day, or with 1 to 5 hours in air each day. One 
group of ratlings was killed immediately after exposure to high oxygen 
concentrations, a second group was examined after 7 days’ survival in air, 
and a third group after 17 days’ survival in air; the eyes were examined in 
cross-section. In the first group no histological changes were found, but in 
the second and third groups the following abnormalities were noted: a 
blurred internal limiting membrane, vasoproliferation as evidenced by 
endothelial growth in the nerve fibre layer, capillary budding into the 
vitreous, retinal haemorrhages, and retinal oedema. The ratlings exposed 
to continuous oxygen and those allowed 30 minutes in air each day showed 
severe retinal changes, but those in air for 1 to 5 hours each day showed a 
much milder retinopathy. 

There are, therefore, two main findings of Brands and others (1958) in 
rats returned to air after hyperoxia that we are unable to confirm: (1) retinal 
haemorrhages and oedema, and (2) abnormal vasoproliferation in the retina. 
We are in agreement with their finding that vasoproliferation does not occur 
in hyperoxia. All these results will now be considered below. 


DIFFERENCES WITH REGARD TO VASO-OBLITERATION 


As already stated, we have found that vaso-obliteration in oxygen is not 
complete but only partial, and is confined to the posterior polar region, 
while the main vessels and the peripheral vessels are apparently unaffected. 
Table II shows that we have demonstrated this at least fifty times. Patz 
(1954a) did not provide his full experimental data or report the number of 
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times he found total vaso-obliteration, so that we are at a loss to explain our 
divergent findings. Assuming that he used new-born ratlings, there are 
three comparable experiments in our series: 


In Experiment 7A the new-born ratlings were kept in hyperoxia for 7 days; 
these showed the typical partial posterior closure. 

In Experiments 1 and 2, which are exactly comparable to those of Patz in that 
the new-born animals were kept in hyperoxia for 4 days, the vessels were less 
advanced than normal but it was doubtful whether any obliteration had occurred. 


It is in fact very difficult to assess vaso-obliteration in new-born ratlings 
kept in oxygen for only a few days, for it will be remembered that during this 
time the retinal vessels are growing from the disc to the equator, so that their 
absence after oxygen exposure could be attributed as well to arrest of growth 
as to obliteration. Indeed, in passing, we would stress that the exposure of 
new-born ratlings to oxygen is an entirely different experiment from exposing 
older animals with the retinal vasculature already established. It is only the 
exposure of older animals that is comparable to the situation in which 
premature infants are exposed to oxygen. 


It is interesting that oxygen-induced vaso-obliteration should be only 
partial in the ratling, when at a comparable period of development it is 
complete in the kitten. It would perhaps be surprising if the ratling reacted 
to oxygen in exactly the same way as the kitten, as there are distinct differ- 
ences in the development and anatomy of their retinal vessels. In the rat 
these vessels appear at about the time of birth and are nearly complete in 
2 weeks, whereas in the cat they appear 3 weeks before birth and are not 
complete until 3 weeks after birth. The rat has about six pairs of vessels 
in communication with central vessels of the optic disc, whereas the cat has 
only three pairs of vessels, most of which are connected with the choroid. 
The arterial nature of the superficial capillary layer and the venous nature 
of the deep capillary layer of the rat is an arrangement not duplicated in the 
cat (in this opinion we differ from Michaelson, 1954). The developing 
retinal vessels of the kitten correspond much more closely to those of man. 


The explanation of the differing reactions of the ratling and kitten is 
probably to be sought in the distribution of the retinal vessels themselves; 
certainly the comparative immunity of the anterior vessels of the ratling and 
their contrasting vulnerability in the kitten are not due to the density of the 
choroidal vessels, which in both animals is uniform throughout (although 
it may be related to differences in the distribution of choroidal arteries and 
veins). But, as we have already pointed out, the selective obliteration of 
capillaries in the posterior polar region is more probably due to the proximity 
of the large number of retinal arteries at the disc, which allows a high con- 
centration of oxygen to be developed in the retinal tissue of this region, 
Whereas in the anterior retina the venous system is predominant. 
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DIFFERENCES WITH REGARD TO VASOPROLIFERATION 


With regard to the second point of disagreement, namely, abnoiinal 
retinal vasoproliferation on transfer to air, we would first draw attentio: to 
the ways in which vasoproliferation may be simulated by artefact. For 
example, the relatively acellular stratum opticum can appear to contain buds 
of proliferating endothelial cells in the occasional section passing through 
the wall of a main artery (Fig. 13), or when the retina is cut obliquely (Fig 14), 
and capillary proliferation can be very closely mimicked by the proximity of 


Fic. 13.—Section of normal 10-day-old ratling retina, showing a large vessel cut 
longitudinally in the nerve fibre layer. The appearances could be misinterpreted 
as abnormal vasoproliferation. -Haematoxylin and eosin. x 280. 


Fic. 14.—Two areas from the same section of the retina of a normal 26-day-old 
ratling. On the right the cross-section is truly vertical, whereas on the left it has 
passed obliquely through the tissue, producing a blurred internal membrane and 
the appearance of abnormal cellularity in the nerve fibre layer. Haematoxylin 
and eosin. x280. 


hyaloid vessels (Fig. 15, opposite). Furthermore, since the retinal vessels are 
developing in the ratling, it is not uncommon to encounter occasional endo- 
thelial buds in the normal animal. It is therefore essential that all these 
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Fic. 15.—Section of normal 26-day-old ratling retina, showing a vestigial hyaloid 
vessel adjacent to the retinal surface which could be misinterpreted as abnormal 
vasoproliferation. Haematoxylin and eosin. x 280. 


possibilities should be excluded before isolated proliferations are regarded 
as abnormal; in fact, one can be certain of this only when the vessels or 
vasoformative tissue are extremely well marked or are extending out of the 
retina into the vitreous. Not having seen the sections reported upon by 
Patz, we are in no position to comment upon his interpretations, but in his 
papers we can find only one illustration of such a lesion in the rat retina. 
This is comparable to the solitary lesion we found (Fig. 10), but no statistical 
data are provided to support his conclusion that these lesions are in fact 
attributable to oxygen, or could be regarded as a regular—or even usual— 
sequel to oxygen exposure. On the other hand, Fig. 12 in his Holmes 
Memorial Lecture (Patz, 1954b) clearly shows abnormal capillary tufts in 
an injected retina from a 16-day-old rat maintained continuously in 70 per 
cent. oxygen from the fourth day of life. This we have never found. More- 
over, it is noteworthy that only one other group of workers (Gyllensten and 
Hellstrém, 1956) has produced vasoproliferation in oxygen alone, but this 
was after reducing the oxygen from 100 to 40 per cent.; moreover, the 
animals were mice and not rats. We conclude that abnormal vasoprolifera- 
tion in rats kept in hyperoxia alone at normal atmospheric pressure must be 
a most exceptional development. 

The abnormal vasoproliferations obtained by Brands and others (1958) 
with air survival after hyperoxia may be questioned by reference to their 
illustrations. In none of these examples is there certain evidence of abnormal 
vasoproliferation, for the appearance can all be duplicated in normal sections. 
In our view, the apparent abnormalities are due to obliquity of the sections 

2 
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(which is supported by their finding of a “ blurred internal limiting m: in- 
brane ”’), or to the presence of hyaloid vessels near the surface of the ret: 1a. 
The obliquity of the sections is quite evident in their Figures 3, 5, 8, an:. 9, 
as judged by the width or irregularity of the internal nuclear layers alvie. 
While not presuming to deny their claims, we nevertheless regard them: as 
inadequately substantiated on the evidence provided. 

In this connexion reference should be made to the careful and detailed 
reports of Gyllensten and Hellstrém, who in a large experimental series 
(1954; 1955; 1956; and Hellstrém, 1956) have presented more convincing 
evidence of abnormal vasoproliferations in the retinae of mice allowed to 
survive in air after exposure to oxygen. Since one might expect the rat and 
mouse to react in a similar way, our negative findings in the ratlings are 
somewhat discordant, but the explanation for this must await further 
investigation. 

In a previous paper (Ashton, 1957) it has been shown that the vasopro- 
liferative reaction results purely from obliteration of the vessels and is not 
itself directly concerned with oxygen exposure, so that one would at least 
have expected abnormal vasoproliferation posteriorly in the ratling’s retina 
as a sequel to the capillary obliteration occurring in oxygen. It can be 
argued, however, that any demands of a vasoformative factor developing in 
this posterior avascular area when the animal is returned to air are met by 
the formation or re-formation of the deep capillary net. It would seem that 
this plexus is then adequate to supply the overlying or inner layers of the 
posterior retina, so that re-formation of the superficial net is not here 
required. Moreover, it may be of importance that in the ratling the main 
retinal vessels and the peripheral vessels continue to grow normally when 
the animal is subjected to hyperoxia, so that the normal vascular pattern is 
never destroyed. Any new vessels can grow within this framework and 
abnormal vasoproliferation is less likely to occur. 








DIFFERENCES WITH REGARD TO OTHER INTRA-OCULAR STRUCTURES 


With regard to the third group of findings (retinal oedema, retinal haemor- 
rhages, disorganization of the vitreous, and persistence and proliferation of 
the hyaloid vessels), we can merely record that we failed to demonstrate 
them in our animals. No explanation can be offered for these differences 
until a more careful statistical study can be made, bearing in mind that 
retinal oedema is extremely difficult to assess in paraffin sections, that 
haemorrhages might be produced in removing eyes, and that the age at 
which the hyaloid vessels of the ratling disappear is not constant. We have, 
for instance, found vestigial hyaloid vessels in the vitreous as late as 30 days 
after birth, whereas Patz and others (1953) had regarded such vessels as 
abnormally persistent after 21 days. 

In concluding this discussion of the peculiar reaction of the ratling to 
hyperoxia, with and without air survival, we express the view that only a 









ee oS Re eee: 





STUDIES ON DEVELOPING RETINAL VESSELS. VIII 339 


limited analogy can be made between the reactions of this animal and those 
of the kitten, while the reactions of the human retina as seen in retrolental 
fibroplasia are even more dissimilar. The reactions of the ratling, however, 
do show once again that vaso-obliteration is dependent upon highly critical 
levels of oxygen tension within the tissues and occurs only in the immature 
retina, the adult animal being completely immune. 


SUMMARY 


(1) Reports in the literature dealing with the reaction of the developing 
retinal vessels of the ratling to hyperoxia are conflicting. The problem has 
therefore been re-examined and the results of experiments subjecting ratlings 
of different ages to various degrees and periods of hyperoxia, with and 
without air survival, are reported. 

(2) The findings may be summarized as follows: 


(A) HyPEROXIA WITHOUT AIR SURVIVAL 
(i) Widening of the peri-arterial capillary-free zone developed with oblitera- 
tion of the superficial capillary net at the posterior pole; this resulted 

in a star-shaped pattern of avascular tissue. 

(ii) In younger ratlings the deep capillary net failed to develop in the same 
region; i.e. growth was arrested. 

(iii) In older ratlings, where the deep capillary net was already present at the 
time of oxygenation, it closed together with, and to the same degree 
as, the superficial net; i.e. these capillaries were also obliterated. 

(iv) growth of the main retinal vessels and of the peripheral capillaries was 
not significantly affected. 


(B) HYPEROXIA WITH AIR SURVIVAL 
(i) Anteriorly the peri-arterial capillary-free zone returned to its normal 
width. 
(ii) The closed superficial capillaries at the posterior pole neither re-opened 
nor re-formed on return to air, irrespective of the age of the ratling. 


(iii) In contrast, the deep capillary net at the posterior pole re-developed 
(whether it had been arrested or obliterated), the vessels growing 
centripetally towards the optic disc in an orderly manner from the 
patent vessels at the margin of the affected area. 


(C) HYPEROXIA WITH OR WITHOUT AIR SURVIVAL 
(i) No abnormal vasoproliferations were obtained into either the retina or 
the vitreous—even posteriorly where the superficial capillaries remained 
obliterated. 
(ii) No vitreal haemorrhages or disorganization occurred, and no abnormal 
persistence or proliferation of the hyaloid system was seen. 


(iii) The retinal vessels of the adult rat were unaffected. 
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(3) These findings are considered in relation to other reports in the literati ve 
and some explanations are advanced for the peculiar reaction of the retinal 
vessels of the ratling. Finally it is pointed out that, as these reactions dif'er 
sO much from those of the kitten and even more from those of man, tiie 


ratling is not a suitable animal for the study of retrolental fibroplas.a. 
However, our findings do not contradict the theories previously advanced 
to explain vaso-obliteration and vasoproliferation and they further illustrate 
the specific sensitivity of growing retinal vessels to oxygen. 


We are greatly indebted to Dr. J. Cairns for access to the specimens which he prepared in this 
Department while studying the rat retina. It is a pleasure to acknowledge the technical assistance 
of Messrs. G. Knight and A. McNeil, and Miss E. Robins, and the secretarial help of Miss E. 
FitzGerald and Mrs. M. Long. 
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DISPLACEMENT OF THE ORBITAL FLOOR 
AND TRAUMATIC DIPLOPIA* 


BY 
T. KEITH LYLE 


London 


ALTHOUGH diplopia resulting from head injury is more usually due to a lesion of one of 


the ocular motor nerves, it may be caused by direct injury to the orbit. Sometimes 
damage occurs to one or more of the extrinsic ocular muscles, especially the obliques, 


because of their attachments to the bone in the anterior part of the orbit, but more 
frequently the injury brings about an alteration in the position of the eye, which alters 


the direction of its visual axis, causing a positional heterotropia or strabismus. If the 
orbital floor is displaced downwards, as so commonly occurs in fracture of the malar 
and maxilla, the eyeball is also displaced downwards and its visual axis is usually directed 
downwards; this leads to hypotropia of the affected eye and a relative defect of its power 


of elevation (Fig. 1). 





Fic. {—Displacement_ of eyeball and visual axis due to fracture of orbital floor (left); normal 
position (right), The line AB represents the visual axis in the normal position and the dotted 


line that in the displaced position. 
Clinical Material 
This communication is based on eighteen cases, sixteen of which were briefly mentioned 
in a recent article (Lyle, 1959). 
All these patients had constant vertical diplopia, except one in whom vertical diplopia 


occurred only when looking upwards In some cases there was an obvious displacement 
of the eyeball as a whole, but in others the displacement was so slight as not to be apparent. 


—_ 





* Received for publication April 4, 1960. 
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Effect on the Eyeball of Displacement of the Orbital Floor 


It is not always realized that, although there may be a gross displacement of the eye all 
as a whole, there may be no displacement of the visual axis and hence no diplopia. ‘his 
is illustrated in Figs 2 and 3 (Lyle, 1949). 

Fig. 2 shows a patient with gross displacement of the orbital floor and eyeball on the 
right side caused by an orbital injury; in spite of this displacement the visual axes were 
parallel not only in the primary position (as shown by the Maddox rod test), but over 
the entire visual field. The eyeball was certainly displaced but the visual axes had 
remained parallel. 


Fic. 2.—Example of gross displacement of orbital 


floor and right eyeball, with no accompanying 
diplopia (from Lyle, 1949). 


By contrast, Fig. 3 shows a patient with a slight displacement of the eyeball caused 
by a fracture of the right maxilla and malar bones, who had constant vertical diplopia 
and 64 of right hypotropia as measured by the Maddox rod test. The diplopia was 
relieved by operation. He had a relative paresis of the right superior rectus with greatest 
vertical separation of the images on dextro-elevation. The diplopia disappeared after 
the visual axes had been rendered parallel by means of a myectomy of the left inferior 
oblique muscle. 


Fic. 3.—Example of slight displacement of right eyeball, 
with constant vertical diplopia (from Lyle, 1949). 


Orbital Reconstruction 


In considering the treatment of these cases of traumatic diplopia, it should be remem- 
bered that the patients had invariably been referred on account of the diplopia. In 
most cases expert surgical treatment had already been undertaken for the attempted 
correction of the bony displacement (or had been deemed contraindicated). Attention 
was therefore directed to the alleviation of the double vision by means of surgical adjust- 
ment of the extrinsic ocular muscles rather than to the improvement of the cosmetic 
appearance. It should perhaps be mentioned that, at the time of the accident, which 
had usually been a serious one and accompanied by severe concussion and other injuries 
such as fractures of long bones and damage to the chest. the chief concern had been to 
keep the patient alive, so that reduction of fractures of malar and maxilla involving the 
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orbital floor (if such were feasible) had not always been attempted at the time when it 
might have been possible. Furthermore, the detection of displacement of the bones 
around the orbit may be extremely difficult when there is much diffuse swelling and 
bruising of the tissues of the face. 
Duke-Elder (1954) states: 

The healing of the orbital and facial bones is so rapid that if repositioning, which can usually be 
accomplished by closed methods of manipulation soon after the accident, is not done at an early 
stage and the fragments are allowed to consolidate in their abnormal position, considerable force 
must be used to refracture and replace them or, alternatively, major surgical procedures some- 
times on a heroic scale are necessary to get rid of the deformity. Whenever it is possible, there- 
fore, repositioning should be undertaken as soon as the period of shock is passed and the general 
condition of the patient allows, even before the local swelling of the lids and face has subsided. 


McIndoe (1941) considered that manipulation, disimpaction, and the use of plaster 
caps, splints, etc., is possible before the end of the third month. If the orbital floor is 
depressed by fracture of the orbital plate of the maxilla without displacement of the 
malar and maxilla as a whole, access may sometimes be obtained through the antrum by 
the Caldwell-Luc approach, and the loose fragments of bone and blood clot may be 
removed and the floor elevated (Lyle, 1941). It may be necessary to retain the fractured 
bone in place by temporarily packing the antrum with gauze or by the insertion of an 
inflated rubber balloon. 

Late treatment by camouflage operations may be required to disguise the considerable 
deformity and to raise the floor of the orbit if the repositioning of the displaced fragments 
is delayed beyond 3 months. Defects can be overcome by the use of grafts of bone or 
cartilage (Mowlem, 1941), or by the use of plastic resins or glass wool. 

Although there is much to be said for raising the effective floor of the orbit by im- 
planting subperiosteally a piece of cartilage, decalcified bone, or strips of fascia lata, it 
is not always found that, where one of these manoeuvres has been carried out, the diplopia 
has completely disappeared; in fact, in one case, the diplopia was made worse by causing 
a limitation of downward movement, although admittedly the patient’s appearance had 
been improved. In this series of cases no operation to raise the orbital floor was under- 
taken, the primary concern was to overcome the diplopia, and in all cases freedom from 
diplopia over the greater part of the binocular field was achieved. 


Surgery of the Extrinsic Ocular Muscles 


The correction of vertical strabismus caused by orbital trauma by means of operation 
upon the extrinsic ocular muscles was described by Lyle (1941) and a series of cases 
treated showing satisfactory results was reported. This subject was also dealt with by 
Neely (1945, 1947), Cross (1945), and Lyle and Cross (1951), who referred to the treatment 
of specific ocular palsies. 


Analysis of Present Series of Cases 


The eighteen cases reported here have been divided into four groups according to the 
nature of the fracture: 


(1) Unilateral Fracture of Malar and Maxilla—the Affected Eye being Hypotropic (Cases 
1-8: Table I, overleaf). 


The displacement of the eyeball downwards tends to place the elevating muscles, 
especially the superior rectus, at a mechanical disadvantage, hence the ‘‘apparent’’ or 
“relative” defect of elevation. Since there is no actual ocular palsy, there is relatively 
litt!s (if any) contracture of the direct antagonist and no gross overaction of the 
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contralateral synergist. 
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Thus, in most cases, the operation of choice is one designec to 
strengthen the affected muscle, i.e. by resection of the superior rectus. It may, however, 
be necessary in addition (or sometimes alternatively) to weaken its direct antagonist, ‘he 
ipsilateral inferior rectus, by means of a small recession, and in some cases to weaken ihe 


TABLE | 


UNILATERAL FRACTURE OF MALAR AND MAXILLA, AFi‘ECTED 





Age 
(yrs) 


Cause and Type of Injury 


Extent and Type of Diplopia 


—__.. 


Side 
Affected 





Fall from scaffolding 


Vertical ahead and upwards 

Also obstruction of right 
naso-lacrimal duct with 
constant watering of right 
eye 


Right 





Cricket ball injury 


Constant vertical 





Motor cycle accident (driver) 


Constant vertical 

Also gross loss of visual field 
caused by bilateral optic 
nerve lesion 





Motor scooter accident 
(driver) 


Constant 
Vertical (Fig. 5) 





Motor accident (passenger) 


Constant 
Vertical 





Knocked down by truck 


Constant 
Vertical 





Motor accident (passenger) 


Constant 
Vertical and horizontal 














Motor accident (passenger) 





Constant 
Vertical and horizontal 
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elevation of the unaffected eye by a myectomy or recession of the contralateral inferior 


oblique or by a recession of the contralateral superior rectus. 


It is important to aim at 


securing Ocular movements which are symmetrical and equal in all directions. Details 


relating to these eight cases are given in Table I. 


and 4. 


EYE HYPOTROPIC, BUT WITH VISUAL ACUITY 6/6 AND N5 


Figs 4-7 (overleaf) relate to Cases 2 





; 
Pre-operative 


| 





Defective 
r 


Movement 


Angle of Deviation* 
in Primary Position 


Interval 
after 
Injury 


Surgical Treatment 


Residual Deviation* 
(if any) 





| Elevation 


| 


mM | Elevation 


| 


Hypotropia 74 


11 mths 


Resection right superior 
rectus 

Right dacrocystorhino- 
stomy 


Binocular single vision 
Right hypophoria 24 
No watering 





Hypotropia 64 
Esotropia 44 
(Fig. 4A) 


15 mths 


Resection right superior 
rectus 


Binocular single vision 

No vertical deviation 

Right esophoria 24 
(Fig. 4B) 





' Elevation 


Hypotropia 94 
Esotropia 34 


Resection right superior 
rectus 


No horizontal deviation 
Right hyperphoria 14 
Peripheral fusion 





Hypotropia 234 

Exotropia 6° 

Excyclotropia 3° 
(Fig. 7A) 


Resection left superior 
rectus 6 mm. 
(Fig. 7B) 

Recession right superior 
rectus 3 mm. 
(Fig. 7C) 


Binocular single vision 
Orthophoria 
(Fig. 6) 





“Elevation 


Hypotropia 134 
Esotropia 64 


Resection left superior 
rectus 


Binocular single vision 
Orthophoria 





| Elevation 


Hypotropia 21 A 


Resection left superior 


rectus 

Myectomy right inferior 
oblique 

Resection right inferior 
rectus 


Binocular single vision 
Left hypophoria 34 





| Elevation 


Hypotropia 174 
Esotropia 94 


Recession left inferior 


rectus 
Recession left medial rectus 
Recession right inferior 
rectus 


Binocular single vision 
Left hyphoria 14 
Left esophoria 34 





Elevation 





Hypotropia 124 
Exotropia 74 
Excyclotropia 34 





12 mths 





Resection left superior 


rectus 
Recession right lateral 


rectus 
Marginal myotomy right 
medial rectus 





Binocular single vision 
Orthophoria 





* Maddox rod test at 6 m. 
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No diplopia 


“4 | 


Fic. 4.—Case 2. Hess charts. (A) before operation, (B) after resection right superior 
rectus.(Table I). 


a 


Fic. 5.—Case 4. Displacement of left eyeball with cons- 
tant vertical diplopia. 


Fic. 6.—Case 4. Post-operative orthophoria with binocular 
single vision (Table I). 
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Excyclotropia 3° 
Exotropia 6° 


Exotropia 5° 








~~ 








No diplopia 


Fic. 7.—Case 4. Hess charts. (A) before operation, (B) after resection left superior rectus 
6 mm., (C) after recession right superior rectus 3mm. (Table J). 








Hypotropic (Cases 9-12: Table II). 
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(2) Unilateral Fracture of Malar, Maxilla, and Frontal Bone—the Affected Eye being 


In these cases there may be defective depression and/or defective horizontal movement 
in addition to the defective elevation which is usually of considerable degree; hence more 
complicated surgical procedures may be needed. 


Details relating to these four cases are given in Table II. 
Case 9, and Figs 9 and 10 (overleaf) to Cases 10 and 12. 


Fig. 8 (opposite) relates to 


TABLE II 


UNILATERAL FRACTURE OF MALAR, MAXILLA, AND FRONTAL BONE, 





























Vertical and torsional 











aa Sex Fd Cause of Injury Extent and Type of Diplopia nee 
9 M 24 Motor accident (passenger) Constant Left 
Vertical 
10 M 36 Motor accident (front seat Constant Right 
passenger) Horizontal, vertical, and tor- 
sional 
11 F 44 Motor accident (front seat Constant Right 
passenger) Horizontal and vertical 
12 M 38 Brick thrown in face Constant Left 
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Fic. 8.—Case 9. Visual fields. (A) before operation, April 30, 1957, (B) after a series of 
operations (Table II), December 29, 1958. 
"ABLE II 
L BONE. JAFFECTED EYE HYPOTROPIC BUT WITH VISUAL ACUITY 6/6 AND N5 
Pre-operative 
_ | : = Surgical Treatment Repidual Deviation® 
oat | = Angle cf Deviation* | Injury (if any) 
| Movement in Primary Position 
Left | Elevation | Hypotropia 124 6 yrs Recession right superior Binocular single vision in 
and de- Exotropia 44 rectus 3 mm. central visual field 
pression | Field of binocular Recession right inferior (Fig. 8B) 
fixation restricted rectus 3 mm. Left hypophoria 34 
(Fig. 8A) Myectomy right inferior 
oblique 
Recession right lateral 
rectus 5 mm. 
Marginal myotomy right 
inferior oblique 
Right Elevation | Hypotropia 304 2 mths _ | (1) Resection right superior | Binocular single vision 
(Fig. 9A) rectus Orthophoria 
Recession left superior (Fig. 9B) 
rectus 
(2) Recession left superior 
rectus 
Resection left inferior 
rectus 
| Blaskowicz’s operation 
i for ptosis (right eye) 
Right | Elevation, | Hypotropia 44 2 yrs Recession left superior Binocular single vision in 
depres- | Exotropia 454 rectus central visual field 
| Sion, and Recession left lateral rectus | Right hypophoria 24 
abduction Recession right lateral Esophoria 44 
rectus 
Resection right medial 
rectus 
Left Elevation | Hypotropia 174 7 mths | Resection left superior Binocular single vision 
Excyclotropia 54 rectus 4 mm. Orthophoria 
(Fig. 10A) (Fig. 10B) 




















* Maddox rod test at 6 m. 
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Fic. 9.—Case {0. Hess charts. (A) before operation, (B) after a series of operations (Table 11). 
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Fic. 10.—Case {2. Hess charts. (A) before operation, (B) after resection left superior rectus 
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(3) Unilateral Fracture of Malar and Maxilla with Defective Depression—the Affected 
Eye being Hypertropic (Cases 13 and 14: Table III). 


The defective depression in these cases may be due to a thickening of the orbital floor, 
which causes a certain amount of mechanical displacement of the eyeball upwards with 
a resulting relative defect of depression. 

Details relating to these two cases are given in Table III (overleaf). Fig. 11 relates to 
Case 14. 
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Fic. 11.—Case 14. Hess charts. (A) before operation, (B) after resection left inferior rectus, 
{© after recession right medial rectus Table Ill), 
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TABLE Ij 
UNILATERAL FRACTURE OF MAXILLA AND DEFECTIVE DEPRESSION 





T —— 


T | | 


a 
Cause of Injury Extent and Type of Diplopia | nem 


Age 


56 | Fell on bucket Constant Right 





F 
Vertical 


M 39 Motor accident Constant 
Vertical 











(4) Central Naso-Maxillary Fracture leading to “‘ Dish-face’’ Depression of the Root of the 


Nose (Cases 15-18: Table IV). 


In those cases in which there is considerable displacement backwards of the fractured 
central naso-maxillary mass of bone there is, as one would expect, an increase of the 
interpupillary distance with resulting exotropia or exophoria. This latter deviation 
increases the torsional action of the oblique muscles and, since the inferior oblique is a 
stronger muscle than the superior oblique, there may be a certain amount of excyclo- 
tropia. 

The disappearance of the excyclotropia in Case 16 (Fig. 13), as a result of overcoming 
the exotropia by a simple recession of the lateral rectus illustrates this point. On the 
other hand, when greater degrees of excyclotropia occur, more drastic procedures are 
needed, as shown in Case 17 (Fig. 14). 

In all four cases of this group there was defective elevation of one eye as compared 
with the other. In three cases this discrepancy was sufficient to need surgical rectification. 

Details relating to these four cases are shown in Table IV (overleaf). Fig. 12 (opposite) 
relates to Case 15, and Figs 13 and 14 (overleaf) to Cases 16 and 17. 
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AFFECTED EYE HYPERTROPIC, BUT WITH VISUAL ACUITY 6/5 AND N5 





Pre-operative 
Residual Deviation* 


(if any) 





‘ » ) Interval Surgical Treatment 
Defective Angle of Deviation pe | 


Position 


Ocular Primary f 
Movement } (Maddox Rod 6 m.) rie 


Depression | Hypertropia 294 4} yrs Resection right inferior Binocular single vision 
Esotropia 5A rectus Right hyperphoria 44 
Recession left inferior 
rectus 








| Depression Hypertropia 184 Resection left inferior | Binocular single vision 


Esophoria 84 rectus 
(Fig. 11A) (Fig. 11B) | 


Recession right medial 
rectus 


(Fig. 110) 








* Maddox rod test at 6 m. 
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No cyclophoria 
No diplopia 


Fic. 12.—Case 15. Hess charts. (A) before operation, (B) after a series of operations 
(Table (IV). 
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CENTRAL NASO-MAXILLARY FRACTURE, § VISl 
No Sex oD Cause of Injury Extent and Type of Diplopia Adon De 
0 
; | Mo 
Motor accident (passenger) Constant Right | Eley 
Horizontal and vertical 
| 
16 | M | 37 | Motor accident (driver) Constant Right ft Ble 
Horizontal, vertical and tor- 
sional | 
Both | Addi 
17 M 19 Motor accident (passenger) Constant Right | Depr 
Horizontal, vertical, and tor- | 
sional | 
Left | Eleva 
| 
18 M 22 Motor accident (passenger) | Constant F Right | Elevat 
Horizontal and vertical | oo 
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Right 


Both 





Right 


Left 
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VISUAL ACUITY 6/5 AND N/S EACH EYE 
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Pre-operative Interval ae 
ter 3 Residual Deviation* 
Defective | Angle of Deviation* Injury ee (if any) 
| Bll in Primary Position (mths) 
| Elevation scores £74 8 gone right superior 
Esotropia 12° rectus 4 mm. 
(Fig. 12A) Recession right medial 
rectus 5 mm. 
10 Recession left medial rectus | Binocular single vision 
mm. Orthophoria 
| Myectomy left inferior 
| oblique 
Resection left lateral rectus 
5 mm. 
(Fig. 12B) 
' Elevation | Hypotropia 34 6 Recession left lateral rectus | Binocular single vision 
| ae ing 6 8° (Fie 3B) Right hypophoria 34 
xotropia ig. 
| Adduction | (Fig. 13A) No cyclophoria 
| No horizontal deviation 
| Depression 10 Resection right inferior 
| rectus 4 mm. 
Recession right lateral 
rectus 6 mm. 
| (Fig. 14B) 
| Elevation Eveowent 17 i 18 —s myectomy inferior 
xcyclotropia 12 obliques 
Exotropia 8° (Fig. 14C) 
(Fig. 14A) 
| Recession left lateral rectus | Binocular single vision 
Recession left inferior Orthophoria 
rectus 
(Fig. 14D) 
| Elevation | Hypotropia 174 Resection right inferior Binocular single vision 
|_ and Exotropia 15° 9 rectus Right hypophoria 34 
| Dextro- Recession right lateral 
depres- rectus 
sion Blaskowicz’ operation for 











right ptosis 








* Maddox rod test at 6 m. 
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No cyclophoria 
No diplopia 


















Fic. 13.—Case 16. Hess charts. (A) before operation, (B) after recession left lateral rectus 
10 mm. (Table IV). 


Summary 


A series of eighteen cases of fracture of the orbital floor with resulting diplopia is 
described. Restoration of normal ocular alignment and binocular single vision was 
achieved by surgery of the extrinsic ocular muscles. 
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LEFT RIGHT 


Excyclotropia “a 
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No lateral 
deviation 






Fic. 14.—Case 17. Hess charts. (A) before operation, (B) after resection right inferior rectus 
4 mm. and recession right lateral rectus 6 mm., (C) after bilateral myectomy inferior obliques, 
(D) after recession left lateral and inferior recti (Table IV). 








Brit. J. Ophthal. (1961) 45, 358. 


TREATMENT OF NON-MALIGNANT CORNEAL 
CONDITIONS WITH RADIOACTIVE ISOTOPES* 


A 5-YEAR SURVEY 
BY 
H. FRASER aAnp W. J. NAUNTON 


Manchester 


VASCULARIZATION of the cornea and its association with recurrent keratitis 
is a common problem in ophthalmic practice. In 1953 a clinic was started 
to study treatment with beta rays, and this paper deals with the results of 
this treatment in the 5 years 1953 to 1958. 


Applicators.—Two types were used: the Lederman Applicator Type 1, 
and the Swanberg Radium D Applicator. 

The first covers the whole of the surface of the cornea and is used only 
when the lesion affects a large area. It has as its radioactive element 
Strontium 90 with an output of 110 reps (roentgen equivalent physical) per 
minute at its surface. These applicators used to have a plastic covering but 
as this tended to crack it was replaced by a silver covering and no trouble 
has been experienced with the latter. 

The second has a circular treatment surface of 6-8 mm. and contains 
10 mc. of Radium D, with a thin filter of magnesium to absorb the alpha 
rays. The output of this applicator is 180 reps per minute at its surface 
and it is used for more localized lesions. 

The applicators are sterilized with pure ethyl alcohol, any excess being 
wiped off with cotton wool before use. Heat in any form will damage the 
delicate covering. Certain antiseptics may be incompatible with the 
magnesium of the Radium D applicator and may damage it. 

Wilson (1952), in a review of various types of applicators for beta- 
irradiation of the eyes, showed that the main advantage of applicators 
containing Radium D or Strontium 90 was that they were almost pure 
beta-emitters so that handling and storage were relatively simple and 


nonhazardous. 


Dosage.—Before use, the Radium D and Strontium 90 applicators were 
calibrated at the Radiochemical Centre, Amersham, and the following 
dosage rates were evolved as the treatment to be given during the series. 

At first very small divided doses were used but these were gradually 
increased to the extent to be described. 





* Received for publication July 28, 1960. 
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In cases in which superficial vascularization of the cornea was the prime 
reason for giving beta-rays, an initial dose of 700-1,000 reps was given, 
depending on the degree of vascularization, and only after an interval of 
6 to 8 weeks was a further dose given, as it was found that devascularization 
can continue for this length of time. The usual total dosage required was 
1,500-1,700 reps. 

With deep vessels such as those associated with disciform keratitis up to 
2,000 reps was given in divided dosage. 

For corneal ulceration, whether due to pyogenic or to virus infection, with 
or without much vascularization, smaller doses of 300-400 reps were used, 
and were repeated if necessary in 3 to 4 days, but only the minimum dose 
possible that would promote healing was employed. 


Results 


During the period under review 153 cases were treated (Table, overleaf). 
The results may be tabulated under three headings: 


(a) Those which were avascular without recurrences after the completion of 
treatment and were symptom-free. 

(b) Those in which some fine vascularization still persisted but which had no 
recrudescence of the original lesion and no symptoms. 


(c) Those which were frank failures or had recurrences of the original lesion. 


Acne Rosacea Keratitis.—The Table shows that over one-third of the 
patients, 54 in all, were suffering from acne rosacea keratitis. In this disease 
the dosage was that for superficial vascularization. It was the practice to start 
the beta-ray treatment when the acute phase of the attack had subsided and 
there was little or no ulceration of the cornea. This, of course, was not 
always possible and a small number of patients were treated who still had 
corneal ulceration. Of the 54 cases, 49 were avascular and asymptomatic 
after treatment, four had fine vessels but no recurrences during the follow-up 
period, and one had a recurrence only 3 months after therapy. The original 
dosage in this last case was only 70C reps. and with a further dose of 700 reps 
there has been no recurrence over a special follow-up period of one year. 

In assessing any form of therapy for acne rosacea keratitis, it must be 
borne in mind that this disease has remissions without treatment but that 
with each recurrence more permanent damage results. It foilows, therefore, 
that only those cases which have had a reasonably long follow-up can be 
used in an assessment of the efficacy of beta-ray therapy. Of the 54 cases, 
eighteen were followed up for 3 to 5 years, thirteen for over 2 years, fourteen 
for over one year, and nine for only 6 months. Of the eighteen cases 
followed-up for 3 to 5 years, ten had previously had cortisone therapy and 
three testosterone therapy but recurrences had appeared every few months 
under those modes of treatment. Five of the eighteen had both eyes treated 
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TABLE 
RESULTS IN 153 CASES 


























Caustic Burns 





Post-Corneal Grafting . . 





Pyogenic Corneal Ulcer 





Sclerosing Keratitis 











Discase Asgmptomatic | Asymptomatic Feaere | Tots 
Acne Rosacea Keratitis a 4s 49 4 1 54 
Virus Keratitis .. ‘ie y met 18 6 1 as 
Deep Keratitis .. ea me “i 6 2 _ 8 
Recurrent Keratitis .. % a 8 3 7 ie % 
Vascularization with Trichiasis and 
Exposure Keratitis .. a ss 6 2 1 9 






















Pterygium 














Spring Catarrh .. 











Mustard Gas Keratitis . . 








Corneal Dystrophy 














Angiomatosis Conjunctivae 






































Epithelialization of Anterior Chamber — — 2 2 
Long-standing Ophthalmia Neonatorum — — 1 1 
Phlyctenular Keratitis .. ie ae 1 ot 1 2 
Interstitial Keratitis. .. ee mK | 1 — 1 2 
































endl <5 | 108 17 28 153 








with beta-rays and had no recurrence in either eye. The other thirteen had 
only one eye treated; five of them suffered attacks of inflammation in the 
untreated eye during the follow-up period, but the treated eye showed no 
recrudescence. 









Virus Keratitis.—25 patients with known or presumed virus keratitis were 
treated for secondary superficial corneal vascularization. In nineteen this 
was due to dendritic ulcer, in two to superficial punctate keratitis, in two to 
herpes zoster ophthalmicus, and in two to long-standing trachoma. At the 
time of treatment both cases of superficial punctate keratitis had corneal 
staining with fluorescein, as did five of those suffering from dendritic ulcer. 
The remaining cases due to dendritic ulcer had had recurrent attacks of 
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ulceration and beta-rays were given during a quiescent period to remove the 
vascularization of the cornea in the hope of preventing further recurrences. 
The only failure in the whole group of virus keratitis cases was one patient 
with vascularization following recurrent dendritic ulcer. Despite adequate 
dosage of beta-ray there were two relapses of ulceration one year after 
treatment. The seven cases who stained with fluorescein at the time of 
treatment all healed within 7 to 10 days. 


Deep Keratitis.—Although this group has been classified separately 
because deep vascularization was the main problem, the lesions were prob- 
ably all of virus origin. Eight cases in all were treated and total devasculariza- 
tion was achieved in six of them; the remaining two had a few residual 
vessels but all remained symptom free. 

The most striking example in this group was a male patient aged 50 years 
who before being referred to the beta-ray clinic had been under treatment 
for 7 months with mydriasis, cortisone, and vitamin C. At the time of 
treatment he had a large deep central corneal opacity with considerable deep 
vascularization, visual acuity reduced to counting fingers, and a very irritable 
eye. He was given a single dose of 1,000 reps and the treatment was con- 
tinued with atropine only. By the end of 9 weeks the cornea was totally 
avascular, the opacification of the cornea had lessened, and the visual acuity 
had improved to 6/18. When he was seen 14 months after the treatment 
he had had no recurrence and the visual acuity was the same. 


Recurrent Keratitis.—Into this group were placed all those cases in which 
the aetiology was uncertain and which had been subject to recurrent attacks 
of ulceration with gross vascularization for a considerable time. 

The results were much worse than in those cases in which the aetiology 
was clear cut. The cause of this may be that the corneae of the majority 
were very grossly affected, two of them having a descemetocoele. Even so, 
over half the patients remained asymptomatic. 


Vascularization with Trichiasis and Exposure Keratitis.—Eight cases of 
superficial vascularization of the cornea associated with trichiasis and one 
case of superficial vascularization associated with exposure keratitis due to 
facial palsy were treated with beta ray. Of the eight cases with trichiasis, 
five became avascular, two had fine vessels still remaining, and in one beta 
tay had no effect at all on the corneal vascularization. In all eight patients 
the trichiasis resisted treatment and there may well be recurrences later. 


Caustic Burns.—Five cases of vascularization of the cornea following 
Caustic burns were treated with beta ray. Three cases which did well were 
all relatively mild cases, and the two cases which failed to respond to therapy 
had had considerable destruction of cornea) tissue with symblepharon, so 
that the beta-ray therapy made no impression on the vascularization. 
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Post-Corneal Grafting.—Six cases of vascularization following penetré:ing 
keratoplasty were treated with beta rays 2 to 3 weeks after the operviion 
when the vessels in the graft were comparatively newly formed. One Jose 
of 1,000 reps was given in each case, none of which had had pre-operiitive 
beta ray. In all six cases the vascularization in the graft disappeared with 


consequent clearing of the graft itself. 


Pyogenic Ulceration.—Although each of the ten cases in this group had 
a small amount of vascularization, the prime purpose of giving beta ray was 
to stimulate the healing of a chronic pyogenic ulcer which had resisted 
treatment with mydriasis, antibiotics, and carbolization. The applicator 
was applied direct to the ulcer and a dose of 300-400 reps was given; daily 
observations were made and if the ulcer was receding no further treatment 
was given, but if at the end of 4 days the ulcer was seen to be static a further 
dose of 400 reps was given. This extra dose was required in owly two cases. 
In all ten cases healing was complete in 2 weeks, and as the ulcer healed the 
vessels gradually receded. 

Interstitial Keratitis.—Two cases were treated. 


A girl aged 23 years had been treated for 4 months with local atropine and hydro- 


cortisone with no improvement in the eye condition. She was given a total of 1,500 reps 
and within 2 months the cornea was avascular and visual acuity had improved to 6/18 


and N.5. This vision was maintained when she was last seen 2 years after the beta-ray 
treatment. 

A man aged 52 years had old-standing interstitial keratitis in both eyes. It was hoped 
that corneal grafting would be carried out after the corneal vascularization had been re- 
duced. He was given a dose of 500 reps to the right eye and 3 days later developed iritis 
with hypopyon. He had been subject to recurrent attacks of kerato-iritis but there was 
no previous record of hypopyon. It is impossible, therefore, to exonerate the beta ray 
from being at least partly responsible for the iritis. The attack of iritis settled down in 


time and the patient eventually had a corneal graft. 


Other Conditions.—Beta ray was found to be of no value in the few 
cases treated of sclerosing keratitis, pterygium, spring catarrh, mustard gas 
keratitis, corneal dystrophy, angiomatosis of the conjunctiva, epithelializa- 
tion of the anterior chamber after cataract extraction, and long-standing 
ophthalmia neonatorum with gross vascularization. It was of doubtful 
value in phlyctenular keratitis. 

Complications.—In most cases there was a mild reaction to beta-ray 
therapy, indicated by circumcorneal congestion occurring 7 to 10 days after 
treatment but subsiding within a few days. The only other complication 
noted in this series was in the case of old interstitial keratitis which developed 
iritis with hypopyon. Merriam (1955), in a survey of the late effects of beta 
radiation, found the following complications: 

Telengiectasis after 3,000-—5,000 reps. 


Keratinization of the conjunctival epithelium after 5,000-10,000 reps. 
Scleral atrophy after 20,000—30,000 reps. 
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Superficial punctate keratitis after 5,000 reps, 

Iritis after 22,000—27,000 reps. 

Jris atrophy after 20,000-22,000 reps. 

Radiation cataract after 2,300—22,000 reps. 
Vascularization of the cornea after 20,000-30,000 reps. 
Scarring of the cornea after 25,000 reps. 


Apart from one case of radiation cataract which occurred with a dosage 
of 2,300 reps, the other complications noted by Merriam resulted from doses 
far in excess of that used in this series in which the total dosage was limited 
to 2,000 reps (except in one case of spring catarrh in which a total of 3,000 
reps was given to the lids). Lederman (1957) stated that in his series he had 
no record of a radiation cataract produced by beta rays. 

In view of the possible danger of radiation cataract, particular note was 
made of the condition of the patients’ lenses before treatment. Three 
patients had peripheral lens opacities reducing vision to 6/12 or 6/9. 

All these patients have now been followed up for 5 years after beta-ray 
treatment and the visual acuity in each case has remained unchanged. 

Hughes (1953) suspected glaucoma in seven cases in which the total dose 
over the entire limbal region averaged 53 g./sec. He stated that the radon 
applicator he was using had an output of roughly 2,000 reps per g.—which 
would also place the dosage far in excess of any used in this series. 


Discussion 

The results of the treatment of rosacea keratitis in this series are most 
encouraging, only one case having been classified as a failure and this being 
probably due to inadequate dosage. We can therefore agree with Lederman 
(1957) that there are very few remedies that can compare with radiotherapy 
in the treatment of this condition. ‘The individual doses of beta ray that 
were used are similar to those used by Lederman (1952, 1957), but he tended 
to give the doses at shorter intervals, usually weekly, and his total dosage 
may therefore have been greater. Since our findings suggest that equally 
good results can be obtained by leaving an interval of 6 to 8 weeks between 
doses and keeping the total dosage below 2,000 reps, there seems to be 
every advantage in this regime since the risk of complications is largely 
eliminated. 

The results of treatment of long-standing virus keratitis with either super- 
ficial or deep vascularization were also good and active ulceration did not 
appear to be a bar to treatment; indeed, the ulcers themselves healed quickly. 
It appears that beta-ray treatment should be considered as an alternative to 
corneal grafting in such cases, particularly. since devascularization would 
be advantageous even if a corneal graft had subsequently to be undertaken. 

In recurrent keratitis of indefinite aetiology, in caustic burns, and in 
sclerosing keratitis, the treatment appeared to be much less effective, par- 
ticularly in cases in which the vessels were large, surrounded by much 
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fibrosis, and of long standing; nevertheless, at least in the recurrent ke: :titis 
group, treatment appears to be justified, since half the cases were asyi:.pto- 
matic after treatment. The total dosage should nevertheless be kept within 
reasonable proportions, probably not much above 2,000 reps. 

The results of treating vascularization after a corneal graft were good in 
the few cases attempted using only 1,000 reps. Lederman (1957) recom- 
mended 500 to 1,000r weekly for 4 weeks, depending on the state of the eye 
when first seen and the extent, age, and depth of the vessels treated. His 
series is of course much greater, but again the present results suggest that 
the intervals between doses might well be prolonged. 

The results of treating active pyogenic ulceration of long standing were 
surprisingly good, and this form of therapy might well be considered more 
frequently in any case of indolent ulcer. 

It is emphasized that in this series excellent results have been obtained in 
suitable cases using relatively low doses of beta ray which would not be 
expected to give rise to complications. It is felt that doses should normally 
be given only at sufficiently long intervals to enable their effect to be fully 
assessed; this usually means 6 to 8 weeks between doses rather than the 
weekly doses used by Lederman. 


Summary 


153 cases of various ocular diseases involving corneal vascularization 
treated with beta ray in the period 1953-1958 were assessed at the end of 
that time. The results were most encouraging in acne rosacea keratitis, in 
virus keratitis, both superficial and deep, in vascularization following corneal 
graft, and in active pyogenic ulceration of long standing. Treatment of 
recurrent keratitis of unknown aetiology and in other forms of vascularizing 
keratitis was less successful. The total dosage used was normally less than 
2,000 reps, which is unlikely to give rise to complications; there was normally 
an interval of 6 to 8 weeks between doses so that the effect of each dose 
could be adequately assessed. 


We are grateful to Mr. O. M. Duthie, Dr. A. Stanworth, and other surgeons at the 
Manchester Royal Eye Hospital for allowing us to treat and to report upon their cases. 

We are also grateful to Dr. J. Ralston Patterson and the staff of the Christie Hospital, 
Manchester, and to Dr. Myerscough of the Radiochemical Centre, Amersham, for their 
help with the technical problems concerning the applicators and the dosage rates. 
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ORBITAL RETICULUM-CELL SARCOMA* 
REPORT OF NINE CASES 
BY 


A. MORTADA 
Department of Ophthalmology, Faculty of Medicine, Cairo University, Egypt 


RETICULUM-CELL sarcomata, together with leukaemia, Hodgkin’s disease, 
giant follicular lymphoblastoma (Brill Symmer’s disease), lymphosarcoma, 
and lymphoma, constitutes a group of lymphomatous or reticular tumours. 
These different lymphoblastomata appear to represent pleomorphism of the 
reticular system to unknown causal stimuli (Ginsburg, 1934; Gall and 
Mallory, 1942; Herbut, Miller, and Erf, 1945). The nomenclature of these 
tumours in the literature is confused, and identical lesions have been 
described by various writers as lymphomata, lymphoblastomata, lympho- 
cytomata, malignant lymphomata, lymphosarcomata, reticular-cell type of 
lymphosarcomata, reticulo-sarcomata, and round-cell sarcomata. Duke- 
Elder (1952) states that: “reticulosarcoma of the orbit is not commonly 
noted in the literature, but it is probable that several cases have been 
described as lymphosarcomata. Its occasional occurrence is, however, 
undoubted (Wilson, 1940; McGavic, 1943).” 

Histological differentiation between lymphoid tumours and reticulum-cell 
tumours is often difficult, and both cell elements may participate in the 
formation of the same tumour (Pfanz, 1957). The histological structure 
may change in the course of the disease when a previously benign tumour 
becomes malignant. However, the various types of lymphomatous tumours 
may be differentiated by their clinical behaviour and by the nature of the 
cells and intercellular fibres constituting the tumour. 

Lymphomata are benign tumours composed of differentiated lymphocytes, 
but lymphosarcomata are highly invasive tumours. Their component cells 
are similar to lymphocytes, consisting of a mere rim of faintly stained cyto- 
plasm and a relatively large nucleus with a dense chromatin network. The 
cells are closely and uniformly packed. Numerous mitotic figures are 
present. 

Lymphomata and lymphosarcomata may both be associated with 
leukaemia. Giant follicular lymphadenopathy is essentially a lymphocytic 
hyperplasia and may arise from several different causes. 

Reticulosarcoma cells are fairly large, and of varied shapes, round, poly- 
hedral, oval, or irregular. Their cytoplasm is feebly stained, with a relatively 





* Received for publication April 22, 1960. 
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large vesicular nucleus, a sharply defined nuclear membrane, and a del:<ate 
network of chromatin with granules at the intersections. Mitotic figure: are 
present. The cells are not uniformly or closely packed. Many reticular 
argentophil fibres extend between the tumour cells, and may be seen clcarly 
with Wilder’s silver or Foot’s stain. 

As the orbit is free of lymphoid tissue, Axenfeld (1891) and Meller (1905) 
suggested that orbital lymphoblastomata were expressions of either leukacmia 
or Hodgkin’s disease. Goldzieher (1907) and Coats (1915) ascribed their 
presence to pre-existing foetal lymphoid orbital remnants. It seems that 
they spread to the orbit from lymphatic elements in the lids, conjunctiva, 
lacrimal gland, or nasopharynx. About 5 per cent. of primary tumours of 
the lacrimal gland arise from its lymphoid tissue. 

In sixteen cases of ocular lymphomatous disease, Heath (1949) found that 
20 per cent. involved the lids and 20 per cent. the orbit. It is curious that 
Attiah (1933) reported 44 cases, Schreck (1939) 259 cases, Godtfredsen (1947) 
78 cases, Forrest (1949) 222 cases; Handousa (1951) sixteen cases, and 
Reese (1951) 335 cases of orbital tumour without any mention of reticulum- 
cell sarcoma. In 25 orbital tumours of the haemopoietic system Forrest 
(1949) found two cases of Hodgkin’s disease and one plasmocytoma; the 
classification of the other 23 cases was difficult and included lymphomata 
and lymphosarcomata. Among 88 orbital tumours, Iliff (1957) found ten 
lymphosarcomata but no reticulosarcoma. Out of forty orbital tumours, 
Foster (1951) found three lymphomata. In 36 orbital lymphomatous 
tumours Reese (1951) found 25 lymphosarcomata, eight lymphomata, and 
three cases of Hodgkin’s disease. 

Reticulosarcoma of the orbit has been recorded at the extreme ages of 
10 years (Kamel, 1948) and 83 years (Biirki, 1943). 

McGavic (1955) found the survival time in eight patients with lymphocytic 
tumours to be 13 to 6 years, in three with giant follicular tumours 13 years, 
in eight with reticulum-cell lesions 7:2 years, and in one with Hodgkin’s 
disease 4 years. 

The attempted treatment of malignant lymphoblastomata is usually 
distressing. Most are radiosensitive (Croci, 1934), but recurrence is usual 
(McGavic 1943). Radioactive phosphorus (P32) may occasionally prolong 
life (Lawrence, Dobson, Low-Beer, and Brown, 1948). Intravenous adminis- 
tration of nitrogen mustard may be useful when radio-resistance develops 
(Groen, Godfried, Kromsigt, Reisel, and Tillema, 1949; Chambers, 1950), 
and cortisone may have a temporary beneficial effect. 


Case Reports 
Case 1, a man aged 38 years, complained of oedema of the right upper eye lid and pro- 
ptosis of 2 years’ duration (Fig. 1, opposite). 
The left eye was normal, with visual acuity 6/12. 
The right eye showed a solid oedema of the upper lid and dilated conjunctival vessels. 
The fundus showed papilloedema. The visual acuity was 6/18. The eye was proptosed 
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ORBITAL RETICULUM-CELL SARCOMA 


Fic. 1.—Case 1, reticulo- 
sarcoma of right upper 
lid, lacrimal gland, and 
orbit of 2 years’ duration 
in a man aged 38 years. 


25 mm. downwards, with limitation of ocular movements in all directions. The lacrimal 
gland was palpable. 

The general health was good, with no enlarged lymph glands, liver, or spleen. The 
blood Wasserman reaction and differential count were normal. An x-ray of the orbits 
and examination of the nose and nasopharynx did not reveal any abnormality. 

The tumour was red in colour, 1-5 x 1 cm. in volume, and partly encapsulated. Histo- 
pathological examination showed it to be a reticulosarcoma of the orbit extending from 
the lacrimal gland (Fig. 2). 


Fic. 2.—Case 1, microphotograph, showing reticulosarcoma cells involving 
the lacrimal gland and extending to the orbital tissues. x 690. 


Case 2, a girl aged 4 years, had left proptosis (Fig. 3) of one month’s duration. 
right eye was normal. 


Fic. 3.—Case 2, left orbital 
reticulosarcoma with invol- 
vement of the lacrimal gland 
in a girl aged 4 years. 


The left eye was proptosed 23 mm. downwards with limitation of ocular movements 


> pales The fundus was normal. A tumour could be palpated in the upper part of 
e orbit. 
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The general health was good. The blood Wassermann reaction, blood count, » ray 
of the orbits, and ear, nose, and throat examination were all normal. 

The tumour lay between the lateral and superior rectus muscles extending anteziorly 
to involve the orbital part of the lacrimal gland. It was white, partly encapsui.ted, 
2 x3 cm. in volume, and soft in consistency. 

Histopathological examination showed a reticulosarcoma (Fig. 4). The lacrimal 
gland was also found at biopsy to be infiltrated by reticulosarcoma cells. 


Fic. 4.—Case 2, microphotograph, showing pleomorphism of cells, and 
presence of reticular fibres. 690. 


Case 3, a girl aged 5 years, had left proptosis (Fig. 5) of 4 months’ duration. 


Fic. 5.—Case 3, left 
orbital _reticulosarcoma 
with involvement of the 
lacrimal gland in a girl 
aged 5 years. 


The right eye was normal, the left being proptosed 28 mm. downwards with conjuncti- 
val chemosis and corneal ulceration due to lagophthalmos. A soft tumour occupied the 
upper part of the orbit. The blood Wassermann reaction, differential count, and ear, 
nose, and throat examination were normal. The general condition was poor, but there 
was no abdominal masses or enlargement of the lymph glands, liver, or spleen. X-ray 
examination of the left orbit showed destruction of the lesser wing of the sphenoid 
(Fig. 6, opposite), but the orbital cavity was not widened. An oblique skull x ray showed 
normal optic canals. One week later the proptosis was so severe that the eye was dislo- 
cated on to the cheek (Fig. 7, opposite). 








ORBITAL RETICULUM-CELL SARCOMA 


Fic. 6.—Case 3, x ray of orbits, showing Fic. 7.—Case 3, in one week the proptosis in- 
destruction of left lesser wing of sphenoid pri: so that the eye was dislocated on to the 
bone. cheek. 


The tumour, which was very soft, vascular, and friable, came away in pieces, and was 
found to involve the lacrimal gland. Histopathological examination showed a reticulo- 
sarcoma of the orbit extending from the lacrimal gland. Two weeks later the child died 
of cachexia. 


Case 4, a girl aged 6 years, had a swelling of the left upper eyelid with proptosis of 
2 months’ duration. The right eye was normal. The left eye showed a firm lobulated 
swelling of the upper eyelid extending backwards in the upper part of the orbit. The 
globe was proptosed 24 mm. downwards. The fundus showed post-papilloedemic optic 
atrophy. The visual acuity was 1/60. The blood Wassermann reaction and differential 
count were normal. X-ray examination showed widening of the left orbit. One week 
later the proptosis was severer (Fig. 8), and biopsy showed reticulosarcoma of the orbit 
and lacrimal gland. 


Fic. 8.—Case 4, showing rapid progress of orbital 
reticulosarcoma in one week. 


Case 5, a man aged 64 years, complained of right proptosis (Fig. 9, opposite) of 3 years’ 
duration. The left eye was normal, and the visual acuity 6/9. The right eye was prop- 
tosed 25 mm. downwards and outwards with limitation of ocular movements. The 
fundus showed post-papilloedemic optic atrophy. The visual acuity was 1/60. A soft 
mass was felt between the globe and the orbital roof. It was not attached to the skin 
and extended backwards in the orbit. 

24 
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The general health was good. The blood Wassermann reaction and blood count ‘vere 
normal. X-ray examination of the orbits were normal. 

The tumour, which involved the lacrimal gland, measured 34 x 3 x 2 cm. and was ; ink, 
soft, and partly encapsulated. Histopathological examination showed it to be a reticulo- 
sarcoma of the orbit and lacrimal gland. Fig. 10 shows the patient after removal ci the 
tumour and x-ray treatment. 


a Fic. 10.—Case 5, after removal of tumour 
Fic. 9.—Case 5, orbital reticulosarcoma ca ay Se 
with involvement of the lacrimal gland of 3 
years’ duration in a man aged 60 years. 


Case 6, a man aged 28, complained of left proptosis of one month’s duration. The right 
eye was normal, and the visual acuity 6/12. 

The left eye showed proptosis 22 mm. with limitation of ocular movements, optic 
atropy, and no perception of light. A soft mass was felt in the lower inner part of the 
orbit extending backwards. The patient refused treatment, but was seen one month 
later with severe proptosis simulating orbital cellulitis (Fig. 11). 


Fic. 11.—Case 6, orbital reticulosarcoma simula- 
ting orbital cellulitis. 


The general condition was bad; the blood Wassermann reaction and differential count 
were normal. An ear, nose, and throat examination showed a necrotic tumour in the 
left lateral nasal wall; the nasal septum was pushed to the right, there was a downwards 
bulging of the hard palate. A tumour was palpable at the left side of the nasopharynx 
roof. No metastasis were felt in the neck or elsewhere. An x-ray examination showed: 
widening of the left orbit; opacity of both maxillary antra with evidence of destruction 
of the left antrum; destruction of the anterior and posterior ethmoidal air cells; and 
invasion of the sphenoid sinus. 

A nasopharyngeal mass was discovered (Fig. 12, opposite), and the pathological 
report was a reticulosarcoma. 

Wilder’s stain showed many reticulum argentophil fibres extending between the tumour 


cells. 
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Fic. 12.—Case 6, x ray showing nasopharyngeal mass. 


Case 7, a Sudanese girl aged 16, complained of a right orbital mass felt through the right 
lower lid (Fig. 13) of 2 months’ duration. The mass had been incompletely removed a 
month previously through a lower lid skin incision, and a painless proptosis had quickly 
developed. 


Fic. 13.—Case 7, orbital reticulosarcoma, of 
one month’s duration, extending from the 
lower conjunctival fornix in a girl aged 16 
years. 

The general health was good. The lymph glands, spleen, and liver were normal. 
The blood Wassermann reaction and the differential count were negative. The ear, nose, 
and throat examination and x rays of the orbits were normal. 

The left eye was normal, with visual acuity 6/6. 

The right eye was proptosed 22 mm. upwards with limitation of ocular movements in 
all directions. A soft mass was felt through the lower lid extending backwards in the 
orbit below the globe. The fundus showed a lower exudative detachment. The visual 
acuity was 6/12. ; 

The tumour was removed by blunt finger dissection through a lower fornix conjunctival 
incision. It was irregular, soft, pink, not encapsulated, and measured 1 x4 x5 cm. 
Be thaogicel examination showed a reticulosarcoma. Treatment was continued by 
radiation. 

The patient returned 2 years later with a recurrence in the right orbit and the neck scar 
of a block dissection for malignant cervical lymph glands (Fig. 14, overleaf). The 
Tight eye showed +10 D hypermetropia, and the fundus showed posterior retinal striae. 
The visual acuity was 6/60. 
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Fic. 14.—Case 7, 


recurrence after 2 
years. Note neck 


scar of block dis- 
section. 


A hard ir regular mass was felt in the lower outer part of the orbit. There were no 
enlarged lymph glands. The blood count and x rays of the orbit were normal. After 
one month of radiation treatment, the hypermetropia and retinal striae disappeared, and 
the vision improved to 6/12, but a sma!! hard mass could still be felt in the lower part 


of the right orbit. 


Case 8, a woman aged 50 years, complained of left proptosis of one year’s duration 
(Fig. 15). The right eye was normal, and the visual acuity 6/12. 

The left eye showed oedema of the lids, proptosis 26 mm. upwards, and limitation of 
ocular movements. The fundus showed post-papilloedemic optic atrophy. The visval 
acuity was 1/60. A soft palpable mass was present in lower outer part of the orbit. 

The general health was good. The blood Wassermann reaction and differential count 
were normal. A postero-antericr skull x-ray showed destruction of the left lateral 
orbital margin (Fig. 16) by the invading tumour. The tumour, which was not encapsu- 
lated, measured 3 x 2 x 2 cm., pink and lobulated. The histopathological report showed 


it to be a reticulosarcoma. 


Fic. 15.—Case 8, orbital reticulosar- 
coma of one year’s duration extending 
from the lower conjunctiva) fornix in a 
woman aged 50 years. 


Fic. 16.—Case 8, x ray showing destruction of 
left lateral orbital margin by invading tumour. 
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Fig. 17 shows the patient after removal of the tumour and x-ray treatment. 


pe Fic. 18.—Case 9, orbital reticulosarcoma of 
Fic. 17.—Case 8, after removal of tumour one month’s duration extending from lower 
and x-ray treatment. conjunctival fornix in a man aged 30 years. 


There was generalized enlargement of the 
lymph glands and blood eosinophilia. 


Case 9, a man aged 30 years, complained of loss of vision and right proptosis (Fig. 18) 
of one month’s duration. He was emaciated and anaemic. The left eye was normal, and 
the visual acuity 6/9. 

The right eye showed proptosis of 25 mm., chemosis of the conjunctiva, corneal ulcer, 
limitation of movement, and optic atrophy. There was no perception of light. A mass 
was felt between the globe and lower orbital margin near the lower conjunctival fornix. 

The axillary and inguinal lymph glands were enlarged. X-ray examination of the 
orbits and the blood Wassermann reaction were normal; the differential count and bone 
marrow showed eosinophilia with no allergic or parasitic affection. 

The tumour measured 3 x 1:5 cm.; it was irregular, partly encapsulated, soft, and 
whitish. An inguinal lymph gland was also removed. Histopathological examination 
of the tumour and the lymph gland showed reticulosarcoma. 


Summary 


Out of 100 orbital tumours removed surgically, nine proved on histo- 
pathological examination to be reticulosarcomata. They occurred at the 
ages of 4, 5, 6, 16, 28, 30, 38, 50, and 64 years, and the numbers of males 
and females were about equal. The patients, were all free from septic foci, 
allergic reactions, and parasitic diseases. 

Reticulosarcoma of the orbit causes a painless proptosis of one month to 
3 years’ duration. The less the duration the softer, more vascular, and more 
malignant is the tumour. In the nine cases described there was a palpable 
orbital mass. The clinical details are analysed in the Table. 

Orbital reticulo-sarcomata (characterized histopathologically by large 
pleomorphic cells with pale cytoplasm, vesicular nuclei, and argentophil 
teticular fibres), though rarely recorded in the literature, are the commonest 
Malignant tumours of the orbit in Egypt. The orbit is free of lymphoid 
tissue, and the cases described showed that orbital reticulosarcomata arose 
from the lymphoid tissue of the lacrimal gland in four cases, from the con- 
junctiva in three cases, lids one case, and nasopharynx one case. 

Many of the cases described in the literature as orbital lymphomata, 
lymphosarcomata, and round-cell sarcomata are probably reticulosarcomata. 
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TABLE 
CLINICAL DETAILS IN NINE 





Duration 5 Degree of 
Case No. (mths) Side Proptosis 
4 





x, 24 R 25 mm. 
(Fig. 1) downwards 





i2 23 mm. 
(Fig. 3) downwards 











3 
(Fig. 5) downwards 
(Fig. 7) 





Female 24 mm. 


(Fig. 8) downwards 





5 25 mm. 
(Fig. 9) down and 
(Fig. 10) outwards 


| 
28 mm. | 





22 mm. 








6 
(Fig. 11) 








ay | | Female | 22 mm. 
(Fig. 13) ; upwards 








| 2 years later 











8 
(Fig. 15) 
(Fig. 17 after 
operation) 





9 : 
(Fig, 18) 











CASES OF RETICULUM-CELL SARCOMA 


ORBITAL RETICULUM-CELL SARCOMA 





Extent of 
Orbital Tumour 


Lymph 
Glands 


Blood 


Condition 
of Eye 





Into orbit from 
lacrimal gland, 
lid and conjunc- 
tiva 


Normal 


Normal 


Papilloedema 
6/18 


Red 

1-S5x1 

Partly encapsulated 
(Fig. 2) 





To external and | 
superior rectus | 
from lacrimal 
gland | 


Normal 


Normal 


Normal fundus 


2x3 
White, partly en- 
capsulated, soft 
(Fig. 4) 





Upper part of orbit 
from lacrimal 


gland 


Normal 


Normal 


Corneal ulcera- 
tion 


Soft, vascular, 
friable 
(Fig. 6) 





From upper eyelid 


and lacrimal gland 
into orbit 


Normal 


Normal 


Optic atrophy 
1/60 





Soft mass between 
globe and orbital 
roof from lacrimal 
gland 


Normal 


Normal 


Optic atrophy 
1/60 


35 x3x2 
Pink, soft, and 


partly encapsu- 
lated 





Soft mass behind 
inner part of orbit 
from nasopharynx 


Normal 


Optic atrophy 
No P.L. 


Nasopharyngeal 
necrotic 


(Fig. 12, x ray) 





Soft mass from 
conjunctiva back- 
wards into lower 
part of orbit 


6/12 
Lower exudative 
retinal detach- 

ment 


1x4x5 
Soft, pink, not 
encapsulated 





Hard mass in 
lower outer 
region of orbit 


Malignant 
lymph glands 
dissected 

(Fig. 14) 


Normal 


6/60 
Retinal striae 
Hypermetropia 





Soft mass in lower 
outer region of 
orbit from 
conjunctiva 


Normal 


Optic atrophy 
1/60 


3x2x2 

Pink lobulate, not 
encapsulated 
(Fig. 16, x ray) 





Mass between 
globe and lower 
orbital margin 
from conjunctiva 





Enlarged 





Eosinophilia 


Corneal ulcer 
Optic atrophy 
No P.L. 








3x15 


Soft, whitish, 
irregular, partly 
encapsulated 
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I thank Prof. M. Hashim, senior Professor of Pathology, in the Faculty of Medicine, Cairo 
University, for the histopathological diagnoses of the nine cases described in this paper. 
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THE SYNDROME OF MARCHESANI* 


BY 


R. F. JONES 
Moorfields Hospital 


MARCHESANI (1939) first described the syndrome which is named after him, 
and since the appearance of his report cases have been described in European 
and American literature. The characteristic features of this syndrome are: 


(1) Brachycephaly, small stature, short limbs, brachydactyly, short squat fingers 
and toes with broad hands and feet, limitation of movement at the joints, 
and well-developed musculature and subcutaneous fat; 


(2) Spherophakia with microphakia, iridodonesis, visibility of the zonule, 
lenticular myopia, and glaucoma. 


These features are well developed in the two cases to be described, a 
brother and sister, the only children of parents who are first cousins. All 
the other members of the family are of short stature but do not exhibit 
brachycephaly. 


Case Reports 


Case 1, a girl aged 6 in 1953, was brought to the hospital with the complaint that she 
could not see the blackboard at school. The visual acuity in each eye was 6/24, with 
-7D sph., -5 D cyl., axis 180°. She was seen at regular intervals after this and the 
myopia progressed. At the age of 12 years the visual acuity in each eye was 6/24, with 
-14Dsph., -5 Dcyl., axis 180°. It was noted at this time that the equator of the lens 
could be seen in the pupils of both eyes. One year later the visual acuity of the right 
eye had deteriorated to hand movements, and that of the left was 6/24 with — 20 D sph., 
-6D cyl., axis 180°. The discs were noted to be cupped and the intra-ocular tension was 
raised. 

She was admitted to hospital in March, 1959, and general examination revealed the 
skeletal and muscular features of Marchesani’s syndrome (Figs 1, 2, and3, overleaf). 
There was evidence of congenital heart disease, and a haemorrhagic diathesis was present, 
caused by an abnormality of capillary contractibility. 

The right eye (visual acuity hand movements with - 20 D sph., —5 D cyl., axis 180°) 
was white and showed no inflammatory change. The cornea was clear and its horizontal 
diameter 13 mm. The anterior chamber contained vitreous. The axial region of the 
anterior chamber was shallow and the iris and lens tremulous. Persistent pupillary 
membrane remnants were present. The equator of the lens could be seen when the 
pupil was dilated, the lens being small and globular (Fig. 4, overleaf). 





* Received for publication June 29, 1960. 
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Fic. 2.—Hands of Case 1. 


Fic. 1.—Case 1. 


Ror 


RN 


q SS 
Fic. 3.—Foot of Case 1. 1G. 4.—Right e 


e of Case 1. The entire equator of the 
lens is visible under mydriasis. 


The zonule was not visible and the vitreous could be seen passing anteriorly round the 
equator of the lens. The disc was cupped, but no degenerative changes of a myopic 
nature were seen in the fundus. A peripheral field could not be plotted, though a 
temporal island of vision was present. 


The left eye could be corrected to 6/18 with - 21 D sph., -6 D cyl., axis 180°. It was 
similar to the right, though the cupping of the disc was less and the peripheral field was 
full. 
Gonioscopy revealed a false angle in the right anterior chamber; the angle of the left 
anterior chamber was narrow but with open clefts at 6 and 12 o’clock. 
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The intra-ocular pressure of the right and left eyes varied between 20 and 30 mm. Hg 
(Schidtz). That of the right eye settled at 22 to 26 mm. Hg on gutt. di-isopropyl fluoro- 
phosphate 0-01 per cent. twice daily and that of the left at 15 mm. Hg on gutt. pilocarpine 
2 per cent. three times daily. 

Tonography and aplanation tonometry were carried out. On gutt. pilocarpine 2 per 
cent. three times daily, aplanation tonometry of the right eye was 43 mm. Hg, and of the 
left 29 mm. Hg. Facility of outflow of the right eye was 0-10, and of the left 0-08. 

With the mydriasis of gutt. homatropine and cocaine, aplanation tonometry of the 
right eye was 45 mm. Hg, and of the left 28 mm. Hg. Facility of outflow of the right 
eye was 0-03, and of the left 0-05. 

On April 4, 1959, surface cyclodiathermy was performed on the right eye, twelve 
applications for 7 seconds at 70 milliamps, 7 mm. from the limbus. A temporary reduc- 
tion in the tension followed this procedure, but 6 weeks later the intra-ocular pressure 
was 47 mm. Hg (Schi6tz) in the right eye and 43 mm. Hg in the left. The aplanation 
tonometer readings were 38 mm. Hg in the right eye and 34 mm. Hg in the left. 

On May 23, 1959, an inferior half penetrating cyclodiathermy was performed, each 
eye receiving 32 applications each of 5 seconds at 50 milliamps, at 6 mm. and at 8 mm. 
from the limbus. The tension then fell to 15 mm. Hg (Schiétz) in each eye and has since 
remained normal. During the month following the penetrating cyclodiathermy, the 
anterior chambers became deeper, and on October 28, 1959, the visual acuity in the left 
eye was 6/18, with -12 D sph., -4 Dcyl., axis 180°. 


- Case 2, a brother of Case 1, was first seen in 1955 when he 
was 54 yearsold. He was noted to have a similar physique 
to his sister (Fig. 5). With —6 D sph.,-2 D cyl., axis 
180°, the visual acuity was 6/36 ineach eye. There wasa 
gradual progression of the myopia and on May 19, 1959, 
when he was admitted for investigation, the visual acuity 
was 6/24 in each eye with - 21 D sph., —-5 Dcyl., axis 180°. 
The horizontal diameters of the clear corneae measured 
14 mm. Vitreous was present in the right anterior 
chamber but not in the left. There was iridodonesis. The 
small globular lenses were dislocated forwards and med- 
ially so that the anterior chambers were very shallow 
axially. Persistent pupillary membrane remnants were 
present and the equator of the lenses could be seen on 
mydriasis. The discs were normal and the peripheral fields 
full. The intra-ocular tension was found to be 28 mm. 
Hg right and left. Gonioscopy was not possible. 

This boy was phased on gutt. pilocarpine 2 per cent. 
4-hrly and was found to be well controlled. Tono- 
graphy has not been possible but a dark-room test while 
on pilocarpine 2 per cent. on May 14, 1959, produced a 
rise in intra-ocular tension of 16 mm. Hg (20-36) in one 

Fic. 5.—Case 2. hour in the right eye and of 26 mm. Hg (24-50) in the left. 


Discussion 
These cases, like those previously reported, were consanguineous. They 


exhibit all the features detailed by Marchesani (1939) and are similar to 
cases reported by Meyer and Holstein (1941). Marchesani’s syndrome 
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invites comparison with Marfan’s syndrome, in which the subjects are dolio- 
cephalic and tall, and have long limbs, a narrow thorax, deep-set eyes, and 
weak musculature. The lenses in arachnodactyly are usually dislo:ated 
upwards and medially but the zonule persists at least in part. The equator 
of the lens is not visible in its entirety and the lens is normal both in size and 
in the radii of curvature. The zonule in Marchesani’s syndrome, in 
contrast, appears to be almost entirely deficient and the lens is small and 
spherical. 

Marchesani considered both brachydactyly and arachnodactyly to result 
from dysplasia of mesodermal structures and suggested the terms: “dys- 
trophia mesodermalis hyperplastica” for the syndrome known after him and 
the term “‘dystrophia mesodermalis hypoplastica” for Marfan’s syndrome. 
The development of spherophakia is usually explained as a failure of develop- 
ment, or as an early degeneration of the zonule, the lens retaining its early 
form and never being subjected to the action of the ciliary body (Duke- 
Elder, 1938; Vogt, 1931). 


While the relationship between skeleto-muscular changes and lens 
anomalies is debatable, Meyer and Holstein suggested a mechanism by 
which ciliary body hyperplasia could lead to spherophakia. In late child- 
hood hyperplasia of mesodermal tissue is occurring throughout the body, 
and hyperplasia of the ciliary body results in a lack of tension in the zonular 
fibres, thus allowing the lens to assume its spherical form of maximal 


accommodation. 


An interesting feature of both the cases here reported is that there has 
been a progression in the myopia, which has apparently occurred as the 
lenses have gradually assumed a more spherical shape. The first case, with 
the increase in depth of the anterior chamber and the consequent decrease 
in effective power of the lens after cyclodiathermy, showed some decrease 
in the myopia. That the myopia is lenticular is confirmed by the finding 
of a normal fundus and emmetropia in spherophakic eyes that have been 
subjected to lens extraction. The tonographic studies performed on the 
first case showed conclusively that the glaucoma was not of the inverse type 
(Urbanek, 1930) and that the outflow was improved by the administration 
of miotics. It is unlikely, therefore, that lens extraction would relieve the 
tension. In the first case reported by Meyer and Holstein (1941), pilo- 
carpine produced a rise in tension and the lens was extracted. This lens 
measured 7 mm. in diameter and was 5-8 mm. thick. 


In the first case, surface cyclodiathermy produced a temporary reduction 
in tension and supported the view that a penetrating cyclodiathermy would 
be a reasonable procedure to undertake. Penetrating cyclodiathermy also 
appears to control tension when this occurs in some cases of congenital 


ectopia lentis. 
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I am indebted to Mr. A. G. Cross for permission to study these cases and for his advice and 
encouragement in the preparation of this paper, and to the Medical Committee of Moorfields 
Eye Hospital for permission to publish the findings. 
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CASE NOTES 


MICROCORNEA AND CONGENITAL COLOBOMA Oi’ 
IRIS AND CHOROID IN ONE EYE WITH CONGENITAL 
GLAUCOMA AND CORNEAL OPACITY IN THE 
OTHER EYE* 


BY 


S. P. SRIVASTAVA 
G. R. Medical College, Gwalior, India 


Case Report 


A female baby 12 days old was brought to the out-patients department of Hamidia 
Hospital, Bhopal (M.P.), the parents complaining that the child was born with a white 
opacity in the right eye. She was the third child, the other two being alive and healthy 
with no congenital defects. The mother gave no history of any intercurrent illness 
during pregnancy. The child was full-term and the delivery was normal. There was 
no family history of any congenital ocular anomaly and the parents’ eyes were normal. 


Examination.—The right eye was enlarged as a whole. The cornea was large and 
slightly protruding, of a horizontal oval shape, more enlarged in the horizontal than in 


the vertical meridian. There was a dense diffuse opacity involving the whole of the 
cornea. Only on the lateral side, where the opacity was less dense, could the iris be 
faintly seen, almost in contact with the posterior surface of the cornea, as if the anterior 
chamber were absent. No other details of the anterior chamber, iris, pupil, or lens 
could be seen because of the dense corneal opacity.. The eyeball was hard to the touch 
and the ocular tension was 60 mm. Hg (Schiétz). 

The left eye was slightly microphthalmic, with microcornea, and a typical iris coloboma. 
The cornea was clear. A lenticular opacity was seen in the upper part of the coloboma, 
but through the lower clear portion a coloboma of the retina and choroid was visible in 
the typical position. No other congenital anomaly was present. 

The general appearance of the two eyes is shown in the Figure. 


FIGURE—Opaque cornea of right eye and microphthalmos of left eye. 





* Received for publication D ber 13, 1960. 
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Comment 


Microcornea, with congenital coloboma of the iris and choroid, and 
congenital glaucoma are not uncommon congenital abnormalities. The 
former may occur in association with a number of other congenital defects 
in one or both eyes, but its association with congenital glaucoma and corneal 
opacity in the other eye of the same individual is quite unusual. 

The congenital glaucoma in the right eye in this patient seems to be due 
to a gross defect in the development of the anterior chamber and its angle, 
which has caused a type of buphthalmos with a very shallow or absent 
anterior chamber and marked corneal opacification. It is difficult to think 
of any aetiological relationship between the two conditions in the two eyes. 


Summary 
A case of microcornea, with congenital coloboma of the iris, retina, and 
choroid in the left eye, and congenital glaucoma and corneal opacity in the 
right eye has been described. It is very unusual to find two such abnor- 
malities in the same patient. 
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BOOK REVIEW 


The Transparency of the Cornea. A Symposium (C.I.0.M.S.). Edited by Stewart 
DuKE-ELDER and E, S. PERKINS. 1960. Pp. xii+268, 67 figs. Blackwell Scien- 
tific Publications, Oxford. (45s.) 

One of the most important, intriguing and, so far, intractable problems in ophthal- 
mology is the maintenance of corneal transparency, an attribute unique among organized 
and relatively thick layers of tissue in the animal world. It must be admitted that this 
book does not answer the problem but it does give a fascinating picture of its complexity, 
of some of the major factors involved, of the lines of approach, present and past, by 
students in this field, and of the vast amount of work that has been done with the new 
techniques of phase-contrast and electron microscopy and of special staining, and in the 
field of biochemistry. In this symposium 22 authors have contributed papers under nine- 
teen headings, each paper being followed by an interestingly argumentative discussion. 
The factors with which we are all familiar, the anatomical structure, metabolism, perme- 
ability, deturgescence, and the biochemical stability of the collagen-mucopolysaccharide 
complex are all important, but none in itself provides the complete answer; all these are 
interdependent and in this work they are fully discussed, together with such other factors 
as the physical properties and healing processes of the cornea, and the inductions and 
deductions which may be made from corneal vascularization, degenerations, and the 
results, good as well as bad, of clinical and experimental transplantation operations. 

The ideal subject for a symposium is, very often, one that nobody knows much about. 
Many of us will be familiar with Macaulay’s characteristic and caustic strictures of a 
work which he described as ‘‘ deserving the praise, for what that phrase may be worth, 
of being the best book ever written by any man on the wrong side of a subject on which 
he was profoundly ignorant”. Such a comment obviously applies to a monograph. 
The report of a good symposium such as this stands in sharp contradistinction. The 
dedicated search for truth, coupled with the frank admission of ignorance of basic essen- 
tials, is everywhere evident. The contributors to the discussion are warmly to be con- 
gratulated not only on their industry, but also on their frankness. They cannot fail to 
have profited from their interchange of views and their hours of discussion. Those of 
us who read this work will profit also in knowledge and in inspiration. 


NOTES 


Dr. J. Clement McCulloch has been appointed Professor of Ophthalmology and Head 
of the Department in the University of Toronto, succeeding Dr. A. J. Elliot who has 


joined the staff of the University of British Columbia. 


CORRIGENDA 


It is regretted that, in the article entitled ‘“‘Experimental Hemeralopia uncomplicated by 


Xerophthalmia in Macacus rhesus” by F. C. Rodger, A. D. Grover, and A. Fazal, which ap- 
peared in the February issue (Brit. J. Ophthal., 1961, 45, 96), the blocks of Figs 3 and 4 (p. 103) 


have been transposed. Fig. 3 should be Monkey 7, deficient in vitamin A, and Fig. 4 should 


be the control. 
Similarly, on p. 104, Fig. 5 should be Monkey 6, deficient in vitamin A, and Fig. 6 should be 


the control. 
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COMMUNICATIONS 


NEURORETINOPATHY FOLLOWING HAEMORRHAGE* 
WITH A DISCUSSION ON THE NATURE OF CYTOID BODIES 


N. ASHTON, M. A. PEARS, anp G. W. PICKERING 
Institute of Ophthalmology, London, and Radcliffe Infirmary, Oxford 


HAEMORRHAGE from any site, and the commonest is the gut, may provoke 
two profound disturbances of the retina. The best recognized is blindness 


which begins suddenly, and is associated with subsequent swelling of the 
disc and often with optic atrophy. A less known but common sequel is a 


neuroretinopathy, first described by Ulrich (1887) and closely resembling 
ophthalmoscopically the neuroretinopathy of the malignant phase of hyper- 
tension. One case of the first type and seven of the second type were 
described as sequels of gastro-intestinal haemorrhage by Pears and Pickering 
(1960). Case 7 of their series died, and we here briefly describe the clinical 


history and the details of the ocular changes. 


Case Report 

Clinical History.—The patient was a 75-year-old retired jeweller, who had had no 
symptoms suggestive of peptic ulcer in his life. For some 12 months before admission 
to hospital, he had noticed that, on walking upstairs or digging in his garden, he would 
experience a pain situated retro-sternally without radiation and accompanied by breath- 
lessness. This pain was relieved by rest and bore no relation to food or to posture. On 
the morning of December 5, 1957, he woke up feeling a little nauseated and did not want 
his breakfast. He passed a large black stool, after which he felt dizzy and faint. At 
this time his relatives noticed that he was pale and sweating. He went back to bed and 
after some hours felt better and had a normal lunch, but later in the afternoon vomited 
about 2 to 3 pints of altered blood, and was on that.account admitted to hospital. In- 
the ambulance on the way to hospital he vomited several ounces more of altered blood 
and did this again in the Casualty Department on arrival. He had taken no drugs other 
than occasional aspirin tablets to help him to sleep, and he had had none of these for 
3 days before his illness. 

Examination.—He was pale, with cold extremities and was vomiting a few ounces of 
blood from time to time. 


Cardiovascular System: Pulse 90/min., regular rhythm. Blood pressure 120/65. Apex beat 
5” in the fifth left interspace, with a normal impulse. No signs of failure. 

Respiratory System: No abnormal physical signs. 

Central Nervous System: No abnormal physical signs. 

Gastro-intestinal System: No jaundice was present. There were no spider naevi. The palms 
of the hands were normal. No forearm pulsation was present; no clubbing of the fingers; no 


Visible venous collaterals on the anterior abdominal wall. The liver and spleen were impalpable. 
There were no masses, rigidity, tenderness, or guarding. 


— 








* Received for publication N 
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Rectal examination showed the presence of a malaena stool. 

Eyes: The fundi on admission were both quite normal. The discs were clearly define:;, the 
vessels showed no irregularities of calibre, and there were no haemorrhages or exudates. 

Haemoglobin: On admission 85 per cent. On the next day, in spite of receiving 2 pints of 
blood, it was 50 per cent. On no occasion subsequently was the haemoglobin known ‘» fall 
below 50 per cent. 

Treatment.—The patient was admitted to the ward and blood transfusion was started 
at once. During the course of the next 9 days he received a total of 16 pints of blood. 
By December 13, 1957, the haemoglobin had reached a level of 70 per cent. During the 
first 72 hours after admission, there were four short periods, none longer than 30 minutes, 
during which the systolic blood pressure dropped to 100 mm. Hg or below, and the 
patient became sweaty, pale, and cold. On the second of these occasions he lost con- 
sciousness for one minute. After December 8, 1957, the blood pressure remained within 
normal limits. From December 14, 1957, there were no further signs of continuing 
haemorrhage and he was making a good recovery from his illness. 

Progress——On December 28, 1957, he became breathless and developed abnormal 
signs in the lungs, and 3 days later he died suddenly. 


Autopsy.—On January 1, 1958, a chronic peptic ulcer was found on the lesser curvature 
of the stomach just proximal to'thie pylorus. There was in addition a massive pulmonary 
embolus astride the main branches of the pulmonary artery and evidence of recent 
infarction of the lower lobe of the right lung. Ante mortem thrombus was present in the 
left femoral vein. 

Retinal Lesions —The fundi had been inspected twice daily, every day, and until the 
morning of December 10, 1957, they were both completely normal. On that morning 
the first retinal lesion was seen in the right fundus. This consisted of an ill-defined 
exudate lying partly across the right superior temporal artery about one disc diameter 
along its course, measuring about a half-disc diameter in its long axis. On December 11, 
1957, a second lesion was seen in the right fundus; this consisted of a small oval exudate 
about one-quarter of a disc diameter in its long axis, lying just lateral to the superior 
nasal artery as it left the disc border. On this day, too, two lesions were seen in the left 
fundus. Of these, one was an exudate lying across the inferior nasal artery about a half- 
disc diameter in its long axis and about a quarter-disc diameter out along the course of 
the vessel. The second was a small oval exudate about a half-disc diameter in its long 
axis lying between the inferior temporal vessels about one disc diameter out along their 
course. On December 14, 1957, an additional lesion was seen in the left fundus. This 
was a small oval exudate about one-fifth of a disc diameter in length, lying just below the 
superior nasal artery about one-and-a-half disc diameters out along its course. On 
December 15, 1957, three further lesions were seen: two of these were in the right fundus 
and consisted of two small linear haemorrhages lying just above the upper edge of the 
disc and just lateral to the exudate already described near the superior nasal artery as it 
crossed the border of the optic disc; the third was in the left fundus and lay lateral to and 
parallel with the inferior temporal artery about a half-disc diameter out along its course. 
Of the lesions, all the exudates appeared to attain their maximum size within 12 hours 
and thereafter remained unchanged until about December 19, 1957, when the first, 
second, third, fourth, and eighth lesions described above began to grow fainter. By 
December 28, 1957, the second lesion was practically invisible, and the other lesions 
were all appreciably fainter but still present. The two haemorrhages differed slightly m 
their development from the exudates. They were initially very small and of unequal 
size, but during the first 72 hours after their appearance they became of equal size, and 
increased to twice the initial size of the originally larger lesion. They were present 
unchanged on the day of death. 
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Pathological Findings 


The left eye was received in the laboratory 3 days after death and, in 
order to observe the fundus changes seen in life, the globe was opened 
transversely through the ora serrata. The anterior segment showed no 
abnormality. In the fundus there were two superficial exudates situated 
two disc diameters beneath the disc on the inferior temporal vessels in closer 
relation to the artery. There was also a smaller exudate between the 
inferior nasal vessels one-half disc diameter from the disc and another of 
similar size on the superior nasal artery at one disc diameter from the disc. 
A minute haemorrhage was present on the temporal side of the macula and 
there was considerable oedema of the whole of the posterior polar region 
of the retina. The retinal vessels showed post mortem collapse. A fundus 
painting of these post mortem findings is shown in Fig. 1. 


Fic. 1.—Fundus painting of post mortem eye, showing marked 
retinal oedema, cotton-wool exudates, and an isolated hae- 
morrhage. The vessels show post mortem collapse. 


The retina was then removed in toto and stained for fat with oil red O. 
All the exudates stained positively and appeared as red granular patches 
against the faint pink of the normal retina (Figs 2 and 3, overleaf). The 
specimen was then stained by the periodic acid-Schiff method (PAS), but un- 
fortunately only the main vessels gave a positive reaction, so that the con- 
dition of the smaller vessels and capillaries in the region of the exudates 
could not be discerned. The superficial exudates continued to show their 
fat-staining, but no positive-PAS material was present. 
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Fic. 2.—Flat retina stained with oil red O. 
Fat is present within the cotton-wool exudates. 


Fic. 3.—High-power view of Fig. 2, showing 
fat globules within the exudate. 


A disc of retina containing the larger inferior exudates was. now removed 
and longitudinal and transverse paraffin sections were cut and stained with 
haematoxylin and eosin, PAS with haematoxylin, and Weil’s myelin sheath 
stain. All these sections showed an extreme degree of oedema, particularly 
in the stratum opticum, where numerous isolated or conglomerate cytoid 
bodies could be seen lying in close relation to a minute arteriole; a few of 
these structures lay immediately beneath the internal limiting membrane. 
They consisted of eosinophilic finely granular material trapped in cystic 
spaces between nerve fibres or their axon membranes which gave the appear- 
ance of a “‘cell membrane”’; most of them but not all contained a central or 
eccentric, round or oval, pseudo-nucleus, which was either more intensely 
eosinophilic than the ‘“‘cytoplasm” or frankly basophilic (Figs 4 and 5). 


Fic. 4.—Transverse _ section 
through region of cotton-wool 
exudate (inferior temporal 
region). Note extreme oedema, 
particularly in the stratum opti- 
cum, and a group of cytoid bodies 
beneath the internal limiting 
membrane. The artery and vein 
show no abnormality. Haema- 
toxylin and eosin. 330. 
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Fic. 5.—Longitudinal section 
through a cotton-wool exudate, 
showing numerous cytoid bodies, 
which appear to consist of eosino- 
philic material entrapped between 
separated nerve fibres. Several 
central or eccentric basophilic 
pseudo-nuclei may be seen. Hae- 
matoxylin and eosin. x 330. 


These areas were PAS-positive (Fig. 6) and stained intensely with Weil’s 
myelin sheath stain (Fig. 7). Definite varicose nerve fibres could not be 
identified in either transverse or longitudinal sections. 


Fic. ?:—High-power view of 
cytoid bodies, showing intensely 
Staining pseudo-nuclei, granular 
“cytoplasm”, and an_ investing 
“cel! membrane” derived from 
nerve fibres. Weil’s myelin sheath 
stain. x 700. 


Fic. 6.—High-power view of cytoid 
bodies, showing positive PAS stain- 
ing of the pseudo-nuclei. PAS 
stain. x 700. 
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' No abnormality could be detected in the small vessels in these oedematous 
areas, except in a few sections where plasma seemed to be streaming from 
a break in the wall of a minute arteriole (Fig. 8) to form a lake between the 
glial fibres. Since no new exudate had been seen for the previous 13 days 
this would appear to be either an old coagulated exudate or a recent lesion 
due to the asphyxia from which the patient died. There was no evidetce 
of arteriolosclerosis or arteriolonecrosis or any other organic change in the 
vessels throughout all the sections. 


Fic. 8.—Arteriole adjacent to the 
focus of cytoid bodies, shows 
exudate streaming from a small 
break in its wall. No other 
abnormality was found in the 
a Haematoxylin and eosin. 
x 210. 





The anterior segment of the eye and the remaining portion of the posterior 
segment were then sectioned in celloidin. An incidental finding was a 
minute melanoma of the choroid in the region of the ora serrata; the growth 
was spindle-celled and heavily pigmented and had a high reticulin content. 
The optic nerve showed a mild degree of oedema, but there was no evidence 
of any degenerative change. No abnormal vessels were found. 

Discussion 

The ophthalmoscopic appearances of linear haemorrhages and cotton- 
wool exudates in this case were exactly similar to those frequently described 
in post-haemorrhagic states, the exudates being identical with those illus- 
trated by Pick (1901) in two cases of anaemia from carcinoma of the stomach, 
and by Pines (1931) in a case of blood loss through miscarriage. 

The pathological findings can be compared less readily, for only a few 
studies of this kind have previously been made, and curiously none has been 
reported in recent years. The earlier workers have described the pathology 
of cases where blood loss had been due to blood-letting (Esquirol, 1838), to 
haemorrhagic diathesis (Pagenstecher, 1905), to profuse menstruation 
(Ulrich, 1887), to post-partum haemorrhage (Rahlmann, 1889), to severe 
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gastric haemorrhage (Hirschberg, 1881; Zeigler, 1887; Seese, 1914; Goerlitz, 
1920), and to carcinoma of the stomach (Nakaizumi, 1912). Holden (1899) 
and Uhthoff (1922) investigated microscopical changes in the retinae of dogs 
bled experimentally. The value of the reports on human material is limited 
by the long periods which had usually elapsed between the visual disturbances 
and the histological examination; in the present case, however, the retino- 
pathy was known to be present on the day of death. Our findings of neuro- 
retinal oedema, fatty degeneration, and cytoid bodies correspond with those 
reported by Goerlitz (1920): he was the first and only worker to have pre- 
viously described cytoid bodies (which he referred to as varicose nerve 
fibres) in a case of haemorrhage, thus correlating the pathology with that 
found many years earlier in other severe anaemias (Uhthoff, 1880; Bettmann, 
1882; Ulrich, 1887; Bondi, 1896; Litten, 1902; Pagenstecher, 1905) and with 
septic retinitis, in which condition varicose nerve fibres were originally 
described (Roth, 1872). 

As in our case, cotton-wool exudates are found histologically to consist 
of conglomerate oedematous masses in the nerve fibre layer, containing as 
a principal component large eosinophilic cell-like structures many of which 
contain round or elongated pseudo-nuclei—the so-called “‘cytoid bodies”. 
For many years they were unquestioningly accepted as varicose nerve fibres 
and are still so described in the French literature, but more recently other 
workers have maintained that they represent altered blood, or intra-retinal 
exudation, or ganglion cell degeneration, and controversy about their nature 
continues to the present day. Although Wolff (1951) in his text-book 
adhered to the old view, other recent writers speak of cytoid bodies as 
entrapped exudate within the supporting network of the nerve fibre layer 
(Kiewe and Hart, 1951), an opinion shared by Christensen (1958), who 
considers that the outer zone of the cytoid body is probably swollen pre- 
cipitated ground substance, and the inner zone fibrin or fibrinoid material 
from the blood stream. In our case the appearances conform with this 
description. Friedenwald, Wilder, Maumenee, Sanders, Keyes, Hogan, 
Owens, and Owens (1952) believed cytoid bodies to be derived from the 
glial cells of the nerve fibre layer, while the most recent writers (Russell and 
Rubinstein, 1959) speak of cytoid bodies as synonymous with “Rosenthal 
fibres” —a peculiar type of glial degeneration seen in a variety of tumours 
of the nervous system (Grcevic and Yates, 1957). However, the exact 
nature of cytoid bodies is not the concern of this report and the controversy 
will not here be further pursued. 

We, like Goerlitz (1920), have shown that these retinal lesions may develop 
after blood loss, but cytoid bodies also occur in a large variety of unrelated 
diseases quite apart from primary or secondary anaemias. They have, for 
instance, been demonstrated histologically in septicaemia, in the neuroretino- 
pathy of the malignant phase of hypertension (whether based on essential 
or renal hypertension), in systemic lupus erythematosus, in dermatomyositis, 





aay 


tree Ve = a 


tes 


as 


ne 


PPBIIS LIP ms me oe 


392 N. ASHTON, M. A. PEARS, AND G. W. PICKERING 


and in carcinomatosis, although in this latter case anaemia has not bee» 
excluded as a cause. 

It is interesting that these “cotton-wool exudates” are confined to th> 
retinal fibre layer at the posterior pole, are usually multiple though rareiy 
exceeding ten in number, and are situated close to the main vessels, disposcd 
in a radius not exceeding 4 to 5 papillary diameters; the paramacular or 
macular zones are spared (Paufique and Royer, 1957). The tendency today 
to use the name “‘cytoid body” as a clinical term synonymous with cotton- 
wool exudate is, however, undesirable, for this is purely a histological 
component of the lesion. At the present time “‘cotton-wool” or “fluffy” 
exudate are the only English terms available to describe this important 
feature of the ophthalmoscopic picture under consideration. 

It is reasonable to assume that they represent a direct or indirect reaction 
of nerve fibres to vascular injury, but the exact nature of this injury is dis- 
puted; embolus, thrombus (Kiimmeil, 1932), and spasm (Friedenwald and 
others, 1952) have all been suggested, but whatever the initial cause the 
underlying process is most probably one of ischaemia and transudation. 

The complete absence in our case of any structural abnormality in the 
intra-ocular vessels (apart from a minute break), including those retinal 
vessels immediately adjacent to the cviton-wool exudates, is of particular 
interest, as it would imply that functional rather than organic changes are 
involved in the genesis of neuroretinopathy after haemorrhage. Even in 
malignant hypertension it is still doubtful to what extent structural changes 
in the smaller vessels are responsible for the retinopathy. Although fatty 
and sclerotic degeneration has been demonstrated in vessels adjacent to 
cotton-wool exudates (Miiller, 1858; Verwey, 1927; Friedenwald, 1932, 
1935), these may well be secondary to ischaemic anoxia in this area from 
some other cause. It will be recalled that Volhard (1921, 1929) believed 
this anoxia to be due to spasm of the arterioles which was not only sufficient 
to injure the tissue supplied by the arteriole, but, in time, was also sufficient 
to injure the arteriolar and capillary endothelium. This view has now 
received support from the work of Abt and Briickner (1950) and of Byrom 
(1954), who have demonstrated focal and widespread constriction in the 
retinal, cerebral, and other vessels of rats with severe experimental hyper- 
tension. This appears to be a direct local response of the vessel wall to the 
physical strain of excessive intra-arterial tension, and, according to its 
degree of severity, can lead to a transient disturbance of function, increased 
capillary permeability with attendant focal oedema, and local necrosis of 
the arterial wall and the tissue supplied. 

If the pathogenesis of the exudative lesions of the retinopathies of hyper- 
tension and haemorrhage are so closely related as their appearances would 
suggest, then the pathological basis could be focal ischaemia produced by 
constriction of the retinal arterioles or pre-capillary arterioles and by 


anaemia. 
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To the ophthalmologist the fundus findings of neuroretinal oedema with 
haemorrhages and cotton-wool exudates, as seen in our case, is a familiar 
picture occurring in a whole range of differing disease states, as in other 
anaemias, in cachexia (“retinite des cachectiques”: Pick, 1901), in septic 
conditions (“rétinite septique”’: Roth, 1872), in the collagen diseases, in 
polyarteritis nodosa, in subacute bacterial endocarditis, and in hepatic 
disease (Streiff and Bischler, 1943; Buovolo, 1950; Bonamour, Bonnet, and 
Buovolo, 1950). However, the most familiar example is the neuroretino- 
pathy of the malignant phase of hypertension, which has variously been 
termed albuminuric retinitis, angiospastic retinitis, renal retinitis, and 
Grade IV retinopathy. It has been suggested that a more general name 
should be applied to this whole group of retinopathies—such as “‘dysoric 
retinopathy”’ with cotton-wool exudates as “‘dysoric nodules”’ (Streiff and 
Bischler, 1943), and “retinal endothelitis” (Vouters, 1958)—but it would 
seem that our knowledge of the pathogenesis of these conditions is still too 
imperfect to adopt any generic term at the present time. 


Summary 


The pathological findings in a post mortem examination of the retina in a 
case of neuroretinopathy due to haemorrhage are described. The nature of 
the lesions is discussed in relation to other retinopathies which share the 
same features. 


Our thanks are due to Messrs. G. Knight and A. McNeil for technical assistance and to Miss 
E. FitzGerald for secretarial help. 
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**SPIDER LICK ’’* 


AN EPIDEMIC OPHTHALMO-DERMATOZOOSIS DUE TO BEETLES 
OF THE GENUS PAEDERUS 


BY 


E. J. SOMERSET 
Calcutta, India 


IN certain parts of the world and at certain seasons, a number of patients 
may be seen who show lesions of a character which at once strike one as 
being unusual and not described in textbooks of ophthalmology, nor in 
standard student textbooks of medicine, dermatology or tropical medicine. 
One has only to see a few cases to realize that here are lesions so charac- 
teristic as to constitute a syndrome. The lesions may be seen on any part 
of the exposed skin, but are especially common on the eyelids and contiguous 
skin of the face, so that patients sometimes present themselves initially at a 
hospital eye department or to an ophthalmic surgeon. Far more cases, 
however, are seen by general practitioners. The clinical appearance is that 


of a reaction to some insect or toxic plant, so that calamine lotion or some 
antibiotic cream is prescribed, and the condition heals in about a week to 
10 days. The trivial nature of the condition is probably the reason for the 
omission of an adequate description in most textbooks, and for the fact 
that its aetiology is not generally known. In the north-eastern region of 
India, where the condition is comparatively common, it is called “spider 
lick”, but it is not due to a spider nor caused by a lick. 


Symptoms and Signs 


A patient usually says that he awoke a few days previously with a slightly sore 
and swollen area on one side of the face, often including the eyelids. Similar 
sore areas may also be found on the neck and forearms, and occasionally on 
other parts of the body. The pain and swelling increase during the next 2 days 
and may be quite severe sometimes sufficiently to cause the patient to cease work. 
He usually gives no history of injury, nor of contact with an insect, but occasionally 
amore detailed history can be obtained. 


Case 1.—The patient stated that at about 9 o’clock one morning he felt an insect in 
the region of his right eye. He brushed it off with his hand and at the time felt only a 
faint tickling sensation on the face. That evening his lower lid was slightly red. The 
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following morning it was swollen and by the evening (36 hours after the insect attack) 
there was considerable redness, swelling, and pain. The next day (after 48 hours) he 
showed the typical picture of “‘spider lick” (Fig. 1). 


Case 2.—While driving in a car one morning in Assam, the patient felt some insect hit 
him near the left eye. There were no symptoms then or the next day, but the following 
morning (after 48 hours) he awoke with very sore left lids and cheek, and when seen that 
day he showed the typical clinical appearance of “‘spider lick’’. 


On examination a number of red linear weals up to 1” long and }” broad may 
be seen (Fig. 1). In the centre of each weal is a narrow yellowish line, which on 
magnification looks as though the surface cells had been splashed by some coagu- 
lating fluid. The surrounding skin is oedematous. The lesion is tender to touch. 
Vesiculation is not generally seen, but the yellowish lines sometimes look like a 
row of tiny coagulated vesicles. The local lymph gland is seldom enlarged and 
there is no fever or symptoms of general toxaemia. The conjunctiva and cornea 
usually escape, but occasionally intense conjunctival congestion is seen (Fig. 2), 
and even more rarely part of the corneal epithelium is found to be denuded and 
stains with fluorescein. 


Fic. 1.—Case 1, showing typical lesions of Fic. 2.—Lesions of the lids, with conjunctival 
the eye lids. ; involvement. 


Diagnosis 


The clinical condition once seen is easily recognized again. The swollen area , 
of skin containing the weals is very characteristic, and the central yellowish line 
of coagulated surface cells is pathognomonic. In mild cases this line is not well 
seen except under magnification. 

The following are other conditions which constitute the differential diagnosis. 

(1) The secretions of other vesicant beetles of the family Meloidae (Cantharidae), the 
principal genera being Epicauta, Lytta (Spanish fly), and Mylabris (Chinese blister beetle), 
produce large dermal bullae after 12 to 24 hours. The blisters are dome-shaped }” to 1” 
in diameter, circumscribed, more or less round, and contain much clear straw-coloured 
fluid (Fig. 3, opposite). 





“SPIDER LICK” 


Fic. 3.—Bullae, due to blister beetles of the family Memoidae (after Swarts and 
Wanamaker, 1946). 


(2) The bites of mosquitoes, flies, and midges produce a painless localized circular area 
of oedema in the centre of which may sometimes be seen the red mark of the bite. 

(3) Ant stings are painful at the moment of stinging and produce a localized area of 
oedema with a very definite sting mark in the centre. 

(4) The sudden agonizing pain at the time of the sting of bees, wasps, and hornets 
and the recognition of the insect are unmistakable. 

(5) Spider bites and scorpion stings are similar in clinical manifestation to bee and 
wasp stings but the general symptoms are more marked. 

(6) Bites by bed bugs and fleas cause small red papules on the skin accompanied by 
scratch marks from the patient’s nails and are found usually on the thorax and abdomen. 

(7) With tick bites the tick is usually found attached to the skin, and the reaction is 
very slight. 

(8) In caterpillar dermatitis caused by urticating hairs, the caterpillar is usually found 
by the patient. Red weals but no vesiculation are produced, and the hairs may be 
found on the skin. 

(9) With leech bites, the leech is almost always found firmly attached to the skin in 
the process of gorging itself with blood. The tiny puncture mark bleeds freely. 

(10) A history of sudden pain while bathing in the sea will always be obtained with 
lesions due to jelly fish stings. 

(11) The hot, red, slightly raised skin with a spreading margin is characteristic of 
erysipelas. 


Treatment 


Secondary infection may be prevented by a sulphathiazole or antibiotic ointment, 
though an antihistamine cream such as ‘Caladryl’ is perhaps more soothing. In 
severe cases antihistamine tablets by mouth for a few days are beneficial. The 
occurrence of conjunctivitis will necessitate saline lotion irrigation several times 
daily. Involvement of the cornea will require atropine and a pad. 
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Complications.—The only complication of consequence is secondary infecticn. 
This is dealt with by the local application or injection of suitable antibiotics. 


Aetiology 


According to Castellani and Chalmers (1919), beetles have been known 
to cause blisters of the skin since the days of Archigenes, a contemporary 
of Celsus, and perhaps since the time of Aretaeus the Cappadocian. Pliny 
noted that authorities differed as to the origin of the blistering fluid, some 
supposing that it came from the mouth and others from the feet. Although 
Beauregard (1890) wrote a book entitled “ Les insectes vesicants’’, works on 
tropical medicine were singularly silent on the subject. 

Vorderman (1901) was the first to record in medical literature a dermatitis 
caused by beetles of the genus Paederus, which occurred at Anjer-Kidoel on 
the Sunda Straits and at Raoen near Djember in Java. The species P. pere- 
grinus (Fabricius) recorded by Vorderman is, however, often regarded as 
only a variety of P. fuscipes, and it was in fact first described not by Fabricius 
but by Erichson, fuscipes being the older name of the species (Bequaert, 
1959). Piraja da Silva (1912), who is given the credit of the first description 
by many subsequent authors, described an outbreak of dermatitis in Brazil 
which was due to P. columbinus; this outbreak occurred amongst cultivators 
on the banks of the rivers Sa6 Francisco, Itapicuru, and Jacuricy in the 
interior of Bahia. Eysell (1913) gave P. peregrinus (Erichson) as the cause 
in the Sunda Islands in the Malay Archipelago, and Rodhain and Houssiau 
(1915) and Bequaert (1921) described cases in the Belgian Congo due to 
P. sabaeus (Erichson). Bequaert noted that Goeldi (1913) mentioned that 
another species from Brazil, P. goeldii (Wasmann), also had irritant pro- 
perties. Epidemics of dermatitis due to P. fuscipes (Curtis) on the banks of 
the Volga delta were recorded by Sacharov (1916) and Portchinsky (1915), 
and Netolitzky (1919) noted that the beetles were used by the local peasants 
to produce simulated ulcers of the skin. Ross (1916) described an epidemic 
in Nairobi showing identical lesions to those described by Rodhain and 
Houssiau, and known locally as “Nairobi Eye’. He described the experi- 
ence of a doctor who was lying in bed when a beetle flew in, hit the wall, 
dropped on his forehead, and walked across it. He brushed it off and next 
day there was a bright vesicular streak as if the forehead had been stroked 
with a brush containing strong acid. The beetle was identified as P. crebre- 
punctatus (Eppelsheim). An interesting paper by Strickland (1924) on 
‘Spider Lick”’, as the condition is called in India, records that a Mr. Duff, 
an employee of Messrs. Bird & Co., Calcutta, who was residing in the state 
of Orissa, suspected that the condition was due not to a spider but to some 
other insect. He actually caught an insect, subsequently identified as 
P. fuscipes, and placed it together with a “flying ant” under an upturned 
glass. A great fight ensued and the ant was laid out, the knock-out appearing 
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to have been administered by the tail of the Paederus beetle. Until this 
observation the Paederus beetle had not been associated with “Spider Lick” 
in India, local folk-lore attributing it to the urine of a lizard (Elliot, 1920). 


Cases due to P. sabaeus were described from Sierra Leone by Gordon 
(1925), who noted that similar lesions were to be seen at Manaos, Amazonas, 
in Brazi! at all seasons. The insect P. amazonicus is known to the local 
inhabitants as “Poto”. P. irritans, a new species described by Chapin 
(1926), and P. ornaticornis (Campos, 1927) were found to be the cause of 
epidemics of typical lesions in Ecuador. Other epidemics due to P. signati- 
cornis and P. laetus in Guatemala were reported by Bequaert (1932, 1938), 
and Genevray, Gaschen, Autret, and Dodero (1934) described epidemics 
due to P. fuscipes and P. alternans in Tonkin. Cases have also been 
described from the Argentine by Dallas (1930), from Japan by Matsunaga 
(1923), It6 (1932), and Esaki (1933), and from Taiwan by Miyamoto (1934) 
and Kanda (1935). Further cases from Nairobi due to P. crebrepunctatus 
were described by Symes and Roberts (1934) and Roberts and Tonking 
(1935), and small epidemics in Italy were reported by Baccaredda (1935) and 
Castelli (1935). The last-named mentioned a case investigated by Prof. 
Niccolato of Pavia in which the typical lesions on the skin of the face were 
associated with a beetle in the conjunctival sac which was identified as 
P. fuscipes, so that cause and effect were evident. Further cases due to 
P. ferus (Erichs) and P. braziliensis (Erichs) from Brazil were recorded by 
Pickel (1940), while epidemics of this dermatozoosis which occurred in May, 
June, and July in Bangalore, India, due to P. melampus (Erichs) were 
described by Pujatti (1947). Other observations of the vesicant properties 
of these beetles have been recorded by Degorge and Bablet (1913), Gladin 
(1928), Genner (1929), Andresen (1931), Baba (1939), Balifia (1939), Huse 
(1939), Kaminsky (1939), Yoshihiro (1940), Rojas (1943), Allard (1948), and 
Théodorides (1950). Table I (overleaf) lists those species of Paederus which 
are known to have caused dermatitis in nature, and Table II (overleaf) shows 
additional species which have caused dermatitis in experiments only. Both 
Tables are derived from Bequaert (1959). 


Beetles of the Genus Paederus 


The earth is inhabited by a vast number of insects, and it has been estimated 
that two acres, which are reputed to support one human family and a cow, 
contain some eight million insects. About 652,000 kinds of insects have 
been described and there are probably between 2 and 4 million different 
species (Kennedy, 1949). The class Insecta is divided into about 25 orders, 
beetles forming the order Coleoptera, which contains about 250,000 described 
species, more than any other order from Protozoa to Vertebrata. Coleop- 
tera are divided into about 154 families, and two of these are of medical 
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TABLE I (Personal communication, Bequaert, 1959) 
SPECIES KNOWN TO HAVE CAUSED DERMATITIS IN NATURE 





Species First Description Place of Observation 





P.alternans .. ae ...| Walker Tonkin 





P. amazonicus . . ys .. | Sharp Brazil 





P. brasiliensis .. oe .. | Erichson Brazil, Argentina 


P. columbinus .. rat .. | Laporte de Castelnau Brazil 








P.crebrepunctatus .. .. | Eppelsheim Kenya 
P. ferus a ae .. | Erichson Brazil, Argentina 


Russia, India, Tonkin, Japan, 
Taiwan 








P. fuscipest§ .. + .. | Curtis 





P. goeldiit és ay .. | Wasmann Brazil 
Ecuador 





P. irritans °; as .. | Chapin 


P. laetus ve af .. | Erichson Guatemala 








P.melampus .. a .. | Erichson India 





P. ornaticornis . . Sharp Ecuador 


P. parallelus .. “ .. | Weise Japan ° 
Java 











P. peregrinus* a .. | Erichson 


P. poweri of i .. | Sharp Japan 
Congo, Sierra Leone 








P. sabaeus 8 a .. | Erichson 








P. signaticornis bs .. | Sharp Guatemala 








* Regarded as a variety of P. fuscipes. 

+ Apparently an undescribed species. 

t Synonym P. idae (Sharp). “ 

§ Misidentified as P. riparius, which does not occur in Japan, by Wada (1926). 


interest; the Meloidae include the genera Epicauta (blister beetle), Lytta 
(Spanish fly), and Mylabris (Chinese blister beetle), and the Staphylinidae, 
popularly known as rove-beetles or devil’s coachmen, contains amongst many 
others the genus Paederus with which we are now concerned. There are at 
least 250 known species of Paederus beetles, most of which contain vesicating 
fluids (Patton, 1929). Cameron (1931), in describing the 43 species of the 
genus Paederus recorded in the Indian peninsula, notes that, to the non- 
entomologist, most of them look alike, but there are very slight differences 
in colour, and under suitable magnification slight differences in the shape 
and structure of the head and thorax can be made out. 
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TABLE II (after Bequaert, 1959) 
ADDITIONAL SPECIES KNOWN TO HAVE CAUSED EXPERIMENTAL LESIONS 





Species 


First Description 


Author 


Date 





P. albipilis 


Solsky 


Pavlovsky and Stein 
Andresen 


1928 
1931 





P. littoralis 


Gravenhorst 


Allard 
Theodorides 


1948 
1950 





P. limnophilus . . 


Erichson 


Netolitsky 


1919 





P. riparius 


Linnaeus 


Theodorides 


1950 





P. ruficollis* .. 


Fabricius 


Netolitsky 


1919 





P. rubrothoracicus 


Goeze 


Theodorides 


1950 














Note.—Some of the species known to have caused dermatitis in nature, as listed in Table I, have also been the subject 
of experiments. 
* Synonym: P. gemmelus (Kraatz). 


Isaac (1933, 1934) gives the following description of P. fuscipes (Fig. 4): 


P. fuscipes (Curtis) is found in many parts of the world, including Europe, 
North and Central Africa, Asia, and Indonesia. The original description 
of the species by Curtis (1826) was from a specimen found in the New 
Forest near Brockenhurst, England. The beetle breeds in damp porous soil, 
rich in decaying matter, along the banks of rivers, irrigation channels, 
drains, and pools, a few inches above the edge of the water. Several pairs 
in copulation may be found here during certain seasons, crawling about or 
hiding in fissures or cracks and under leaves. 


Fic. 4.—Paederus fuscipes. Actual size about 7 mm. long. 
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The egg is spherical, light brown, and 0-7 mm. in diameter, with a leathery 
pitted surface. 

The larva on hatching is 1-7 mm. long and is shiny slaty-brown in colour. 
The abdomen shows ten distinct segments, the ninth carrying a pair of 
chitinous incurved single-jointed cerci. When full-grown it is moderately 
active, grey in colour, and 4-7 mm. long. The whole body is setaceous and 
the two-jointed cerci are very long. 


The pupa has no sort of protective covering, is free and 3 mm. long. The 
head is bent downwards and held close to the thorax. It is white in colour 
when newly formed, and slowly changes to creamy yellow with an orange 
tinge in all the abdominal segments except the last two. The adult is a 
small insect, only about 7 mm. long (Fig. 4). It has a blue-black head, dull 
orange thorax, short dark-blue shiny elytra, a dull orange abdomen ending 
in a blue-black tip. The elytra, under which the membranous lower wings 
are folded, are short and allow much of the abdomen to be exposed, giving 
the beetles an appearance somewhat similar to that of earwigs. It is easily 
mistaken for an ant. The male and female adults can be distinguished by 
examining the ventral surface of the abdomen. In the female the sixth 
sternite is entire, but in the male the corresponding sternite has a narrow 


medium excision. 


Life-History and Larval Moults.—The eggs are laid singly in the soil about 


an inch below the surface. Each female beetle lays about six eggs every day 
for several days. The larva remains in the soil, feeds on decaying matter 
and also preys on tadpoles and Syrphid larvae. It moults twice and at the 
third instar becomes fully-grown, remains quiescent in its usual habitat, 
moults, and changes into the pupa. The life-cycle is, egg 2 to 3 days, Jarva 
about 7 days, and pupa 3 to 4 days. The larvae and pupae are preyed on by 
soil mites and Carabid larvae. 


Experimentation 


Various observers have experimented with Paederus beetles. Erythema- 
tous and mildly vesicular lesions of the skin were produced by Rodhain and 
Houssaiu (1915), and Netolitsky (1919), using P. limnophilus (Erichson) and 
P. gemellus (Kraatz), produced similar experimental skin lesions. Strick- 
land (1924) experimenting with P. fuscipes, found that if the insect crawled 
across the skin or was harried but not touched no lesion resulted; when, 
however, the insect was rubbed on the arm, erythematous papules appeared 
some 2 days later, some of which became vesicular during the next 24 hours. 
A similar lesion was produced by painting an alcoholic extract of about 
twelve specimens of P. fuscipes on the skin of the arm; it took about 48 hours 
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for the first erythema to appear and papules developed 24 hours later. 
Gordon (1925) produced experimental lesions on the skin with the thorax 
or abdomen but not with the head, and Pawlovsky and Stein (1927) found 
that the emulsion of P. fuscipes produced lesions when it was rubbed on the 
skin but not when it was only painted on. They isolated various organs 
of the beetle and found that skin reactions could be obtained with the male 
and female genital glands, but not with the stomach, hindgut, or anal glands. 
The blood, however, gave a more definite reaction. Roberts and Tonking 
(1935) repeated Strickland’s experiments and noted the long delay of 24 to 
48 hours between rubbing the skin with the beetle and the appearance of 
the lesion. They also produced the lesion with an alcoholic extract of the 
beetle. Similar experiments with similar findings were repeated by Isaac 
(1933), who also wrote up the insect’s life history (Isaac, 1934). 

Froes (1935), from his own experiments, concluded that the vesicating 
fluid was not emitted voluntarily by any special mechanism, but exuded from 
any part of the integument when the insect was pressed or crushed. Linear 
lesions were produced when the insect was rubbed across the skin and more 
circumscribed lesions when it was crushed against the skin, and experimental 
lesions could be produced by any part of the insect. Experiments by 
Castelli (1935) showed that, by squeezing the abdomen, a bead of yellowish 
substance could be made to exude from the secretory gland opening on the 
pygidium or last abdominal segment, which was intensely irritating to the 
conjunctiva. Conjunctival irritation could also be produced by the 
separated head, thorax, or abdomen of the insect. Similar experiments with 
similar results were also recorded from Italy by Baccaredda (1935), who 
related that a patient, suffering from the condition, gave an accurate descrip- 
tion of an encounter with an insect. From this description Baccaredda was 
able to collect some insects, identify them as P. fuscipes, and produce typical 
skin lesions. He concluded that the noxious substance came mainly from 
the pygidial glands but that other parts were also irritating. 

An interesting observation by a patient (Nodder, 1956) shows that the 
excretion on the skin may be transferred by contact to another area of the 
skin. She wrote “... woke in the morning to find all the soreness and 
angry redness of a pattern of “spider lick” on the inner surface of the arm 
above the elbow. But I had been sleeping with my arm doubled up and the 
pattern of “spider lick” was repeated in a mirror image on the inner surface 
of my arm below the elbow. The secondary ‘licks’ were almost, but not 
quite, as sore and red as the original ones’’. 


Personal Experiences——My own experience is that cases can occur in and 
around Calcutta at almost any time of the year, but are particularly common 
from February to June. A specimen, later identified as P. fuscipes, was 
caught by me one evening and held by the head and thorax while the end of 
the abdomen was rubbed firmly across the anterior surface of the forearm. 
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There was no discomfort at the time and no reaction till about 48 hou s 
later, but during the next 18 hours a typical lesion appeared (Fig. 5). 


Fic. 5.—Experimental lesions on the author’s forearm. 


Another specimen of P. fuscipes was washed first in ether and then in 
water, and then cut with scissors into five parts—head, thorax, upper and 


lower abdomen, and terminal tip. The scissors were carefully cleaned 
between each cut to prevent the transference of noxious fluid from one 
part to another, Each part was now firmly rubbed on a portion of skin. 
No reaction was obtained with the head; a faint reaction resulted from the 
thorax, upper abdomen, and terminal tip; a severe reaction was obtained 
with the lower portion of the abdomen. The reactions began to appear 
after 24 hours and were at their maximum after 48 hours, 

On another occasion a specimen of P. fuscipes was caught and held very 
lightly by the head. The body was very gently and slowly wiped several 
times across a portion of the writer’s skin. There was no pressure and no 
squeezing of the insect and the skin was only fightly touched, but 36 hours 
later an erythema appeared which in the course of the next 24 hours 
developed into typical lesions with the characteristic central yellowish finear 


coagulation. 


Nature of the Vesicating Substance 


The nature of the noxious excretion is not known. Cantharadin has been 
suggested by Roberts and Tonking (1935) but this is unlikely. Wada (1926), 
in Japan, where ground-up beetles are used as an indigenous counter-irritant, 
experimented with extracts from P. riparius and found that it was soluble 
in chloroform, ether, benzol, alcohol, and oil, but relatively insoluble in 





ee et ete one es > ae 


“SPIDER LICK” 405 


distilled water. He isolated the substance and obtained a residue of colour- 
less needle-shaped crystals. He was unable to identify the substance but 
concluded that it was not cantharadin. He failed to induce immunity to 
the substance in rabbits. He considered the toxic substance to be distributed 
throughout the body of the insect and not concentrated in any gland or 
glands. Pawlovsky and Stein (1928) found that the alcoholic extract from 
P. fuscipes was heat stable to 100°C. They compared the effects of lesions 
from Paederus extract with those produced by cantharadin. The latter 
showed a main reaction round the skin follicles with the formation of 
papules and pustules, while the former produced papules away from the 
follicles. On histological grounds, therefore, they concluded that the 
noxious substance was not cantharadin. Netolitsky (1919) also concluded 
that it was not cantharadin but a member of a group of phlogotoxins. 
Castelli (1935) found that the noxious substance was chemically stable even 
after several months. At present the nature of the vesicating substance is 


unknown. 


Discussion 

It seems that there is no doubt that beetles of the genus Paederus are the 
cause of this characteristic dermatozoosis, and that the skin manifestations 
take one or two days to appear, and are sufficiently characteristic to be dis- 
tinguished from any other condition. We have seen that all parts of the 
insect probably contain the noxious substance, presumably in the haemo- 
lymph, and that some observers consider that the lesions result only if the 
beetle is crushed. This however cannot be so; my clinical cases and experi- 
ments and the observations of the medical practitioner quoted by Ross 
(1916) clearly indicate that, when merely annoyed, the insect squirts a noxious 
substance on to the skin. That this may be so is suggested by the fact that 
beetles of severa) families including Staphylinidae emit, according to Phisalix 
(1922), from their posterior extremities acrid products as a defensive 
mechanism. Various paired glands (named pygidial glands by Dierckx 
(1899) from their situation in the last abdominal segment or pygidium) 
possibly throw out a noxious fluid. Strickland (1924) noted that the last 
abdominal segment in P. fuscipes was very mobile, and that the terminal tip 
of the abdomen could be bent over so as almost to touch the dorsal surface. 
It seems, therefore, likely on clinical and anatomical grounds that the haemo- 
lymph in all parts of the insect is toxic but that a noxious substance is also 
forcibly excreted by the insect as a defence mechanism. 


Summary 


The symptoms, signs, diagnosis and treatment of “spider lick”, an 
epidemic ophthalmo-dermatozoosis, are described. 
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The condition is due to irritation by secretions of beetles of the geniis 


Paederus. 
The literature is reviewed. Credit for the original description of this 


condition should go to Vorderman, who first observed it in Java in 1901. 
Most parts of the insect seem to contain an irritant substance, but in all 


probability the lesions are normally produced by active secretion from glands 
near the hinder end of the insect as a defence mechanism. 
A short description of P. fuscipes is given. 


I wish to express my gratitude to Dr. Joseph C. Bequaert, Department of Biology, University 
of Houston, and late of Harvard, Mass., for lending me reprints of many articles, for the two 
tables, and for help without which this paper would not have been possible. I also wish to thank 
Dr. P. Sen, Department of Entomology, School of Tropical Medicine, Calcutta, for identifying 
beetles, Fr. Doro for help with translations, and Mrs. D. H. P. Henderson for finding and 
collecting beetles. 


REFERENCES 


ALLARD, V. (1948). Thése, Paris. “Les staphylinides vésicants du genre Paederus. Etude 
entomologique. Réle pathogéne”. Foulon, Paris. 

ANDRESEN, E. (1931). Mag. Parasitol. Musée zool. Acad. Sci. U.S.S.R., 2, 151 [in Russian, with 
German summary]. (Quoted by Bequaert, 1959. 

Basa, K. (1939). Kontyi (Tokyo), 13, 242 [in Japanese} (Quoted by Bequaert, 1959.) 

BaccareppA, A. (1935). _ G. ital. Derm. Sif., 76, 142 

BALINA, P. P. (1939). Rev. argent. Dermatosif., 23, S22. 

BEAUREGARD, H. (1890). ‘“‘Les insectes vésicants. * Alcan, Paris. (Quoted by Castellani and 
Chalmers, 1919, p. 2204.) 

Bequaert, J. (1921). Ann. Soc. belg. Méd. Trop., 1, 227. 
(1932). Bull. Brooklyn ent. Soc., 27, 107. 
(1938). In ‘“‘A Medical Survey of the Republic of Guatemala”, by G. C. Shattuck and 
others. Publ: Carnegie Institute, Washington, No. 499, p. 223. 
(1959). Personal communication. 

CAMERON, M. (1931). “The Fauna of British India including Ceylon and Burma”’, vol. 2: 
Coleoptera. Staphylinidae, p. 38. Taylor and Francis, London. 

Campos R, F. (1927). Rev. Col. Noc. Vicente Rocafuerte (Guayaguil), Ecuador, 9, Nos. 27-28, 
227. (Cited by Bequaert, 1932, and Pickel, 1940.) 

CASTELLANI, A., and CHALMERS, A. J. (1919). ‘‘ Manual of Tropical Medicine”’, 3rd ed. _Bailliére, 
Tindall and Cox, London. 

CASTELLI, A. (1935). Ann. Ottal. Clin. Ocul., 63, 204, 241. 

Cuapm, E. A. (1926). Arch. Schiffs-u. Tropenhyg, 30, 369. 

Curtis, J. (1826). ‘British Entomology”, vol. 3, Plate No. 108. (Quoted by Isaac, 1934.) 

Da tas, E. D. (1930). V Reunione Soc. Argentina Patologia Regione Norte, vol. 2, p. 163. 

Decorce, A., and BABLET, V. (1926). Bull. Soc. med.-Chir. Indochine, 4, p. 446. 

Drerckx, F. (1899). Zool. Anz., 22; 311. (Quoted by Phisalix, 1922.) 

ELLIOT, nate (1920). ‘Tropical Ophthalmology”, p. 139. Frowde: Hodder and Stoughton, 
London. 

Esak1, T. (1933). Honzo, Tokyo, 11,27. (Quoted by Bequaert, 1959.) 

EYSELL, ex (1913). ‘Handbuch der Tropenkrankheiten”, vol. 1, p. 247. (Quoted by Gordon, 


5.) 

Froes, H. P. (1935). J. Parasitol., 21, 124. 

GENEVRAY, pS a ae H., AUTRET, M., and Dopero, J. (1934). Inst. Pasteur Indochine, 
No. 19, p. 

GENNER, V. (1929). Ann. Derm. Syph. (Paris), 10, e (Quoted by Bequaert, 1959.) 

GLapIn, S. (1928). v. Graefes Arch. Ophthal., 120, 229. 

Go pr, E. A. (1913). “Die sanitarisch-pathologische Bedeutung der Insekten und verwandten 
— p. 13. Friedlander, Berlin. (Quoted by Bequaert, 1921, and Netolitzky, 
1919. 

Gorpon, E. A. (1925). Ann. trop. Med Parasit., 19, 47. 

Huss, S. (1939). Jap. J. Derm. Urol., 45, 145. (Quoted by Bequaert). 

Isaac, P. V. (1933). Agriculture and Live-stock in India, 3, 33. 
(1934). Indian J. agric. Sci., 4, 200. 





“SPIDER LICK” 
Iro, Y. (1932). Fukuoka-Ikwadaigaku-Zasshi, 25, 60. (Quoted by Bequaert, 1959.) 


Kaminsky, A. (1939). Rev. argent. Dermatosif., 23, 578, 1 

KANDA, K. (1935). Taiwan Igakkai-Zasshi, 34, 1013. copes by Bequaert, 1959.) 

Kennepy, C. H. (1949). “Insects” ' Encyclopaedia Britannica. 

“Aig T. (4923). Acta derm. (Kyoto), 2, 227. (Quoted by Bequaert.) 

Miyamoto, S. (1934). Taiwan Igakkai-Zasshi, 33, 901. [German summary, p. 97.) (Quoted 
by Bequaert, 1959.) 

NETOLITZKY, F. (1919). Z. angewandte Entomologie, 5, 252. 

Nopper, W. (1956). Personal communication. 

PATTON, W.S. (1929). ‘“‘Insects, Ticks, Mites and Venomous Animals of Medical and Veterinary 
Importance”’, pt. I, p. 701. Grubb, Croydon. 
(1931). Idem, Pt. II, p. 425. 

PAWLOVSKY, E. N., and STEIN, A. K. (1927). Arch. Schiffs-u. Tropenhyg., 31, 271. 
(1928). Z. ’ Parasitenkunde, 1, 476. 

PHISALIX, M. (1922). ‘‘Animaux venimeux et venins’ eo 1, p. 447. Masson, Paris. 

PICKEREL, D. B. (1940). Rev. Entomol. (Rio de J.), 11,7 

PrrasA DA Siiva, M. (1912). Arch. Parasitol. (Paris), 1. 431. 

PORTCHINSKY, I. A. (1915). Ljubitel Prirody (Friend of Nature, Petrograd), No. 12, p. 364. 
(Quoted by Pawlovsky and Stein, 1927.) 

PusaTti, D. (1947). Mem. Soc. entomol. ital., 26, 5. 

Roserts, J. I., and TONKING, H. D. (1935). ‘Ann. trop. Med. Parasitol., 29, 415. 

RopHAIN, J., and Housstau, J. (1915). Bull. ag ae. exot. (Paris), 8. 587. 

Royas, R.R. (1943). Bol. Sanit. Guatemala, 14, 1 

Ross, P. H. (1916). J. trop. Med. Hyg., 19, 202. 

SAKHAROV, N. (1916). ‘“‘Rapport de 1915 de la Station Entomologique d’Astrakhan”’ [in 
Russian]. (Quoted by Bequaert, 1932.) 

STRICKLAND, C. (1924). Indian med. Gaz., 59, 385. 

Swarts, W. B., and WANAMAKER, J. F. (1946). J. Amer. med. Ass., 131, 594. 

Symes, C. B., and Roserts, J. L. (1934). Rep. med. Res. Lab. Kenya, 21 

THEODORIDES, 4 (1950). Bull. Soc. Path. exot. Paris), 43, 100. 

VORDERMAN, G. (1901). Geneesk. T. Ned.-Ind., 41, 282. (Quoted by Bequaert, 1932.) 

Wapa, H. Notes: Jap. J. Derm. Urol., 26, 1044 [German summary, No. 11, p. 46]. 

YOsHIHIRO, I. (1940). Jbid., 47, 121. 





See es PS HK ees 


Brit. J. Ophthal. (1961) 45, 408. 


OCCURRENCE IN RODENTS OF REVERSIBLE 
DRUG-INDUCED OPACITIES OF THE LENS* 


BY 


M. WEINSTOCKt AND H. C. STEWART 
From the Department of Pharmacology, St. Mary’s Hospital Medical School, London 


IT has been found that several analgesic drugs of the morphine type produce 
an opacity in the lens when these are administered to rodents (Weinstock, 
Stewart, and Butterworth, 1958). The opacity is of a transient nature and 
the eyes resume their normal clear appearance within 2 to 3 hours of the 
injection of the drug. The duration of many of the other side-effects of 
these analgesics, such as the characteristic Straub-Hermann reaction (erection 
of tail) and the dilatation of the pupil in the mouse, is about the same. 

There have been a few reports of reversible cataracts produced in small 
animals, but usually several days or even weeks of daily feeding with the 
causative substance were necessary before any change in the lens was seen. 
Robbins (1944) was able to show that chickens and ducklings, that had been 
fed on a diet that included 0-25 per cent. 2-4-dinitro-phenol, developed lens 
opacities within 8 hours. The lenses cleared almost entirely 16 hours later, 
although the birds were still receiving the drug. By injecting this compound 
intramuscularly in oily solution, Buschke (1947) achieved the same effect 
in birds within 14 hours. 

Several workers have tried to repeat this action of nitro-phenol in other 
species, including rats, guinea-pigs, and rabbits, but they were not successful. 
Bettman (1946) used a special strain of yellow obese mice and even after 
daily feeding for 4 weeks with dinitro-phenol he obtained an opacity in 
only 7:5 per cent. of the animals. He was unable to pioduce it in non- 
obese mice, albino, grey, or brown. He concluded from other observations 
that the more rapid development of the effect in birds was due to a difference 
in their metabolism rather than to a change in the structure of the lens. 

Fitzhugh and Buschke (1949) fed rats daily for 3 weeks with 1 per cent. 
and 2 per cent. beta-tetranol and other derivatives of naphthalene before 
they were able to detect any opacity in the lens. The effect was not com- 
pletely reversed 4 months after the drugs had been withdrawn. 

It is therefore believed that this is the first description of a reversible 
lenticular opacity produced by the acute administration of drugs. In no 
other report was the effect said to be reversed in so short a time as 3 hours. 

The return of the lenses to their normal appearance after an opacity has 
been induced by one of the morphine-like analgesics can be markedly 
accelerated by injecting the animal with N-allyl-normorphine (Nalorphine), 
the morphine antagonist. Furthermore, if the injection of Nalorphine 
precedes that of the analgesic drug, the opacity does not develop. 





* Received for publication August 25, 1960. 
t+ Nicholas Research Fellow. 
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Appearance of the Opacity 


The typical reaction produced in the mouse by the majority of such 
analgesic drugs is shown below. Methadone hydrochloride was the drug 
used in this case, and it was administered subcutaneously, but the effect is 
similar with other compounds and other routes of administration (Fig. 1). 


15 min. + 30 min. + + 


40 min. +++ 50 min. + +++ 75 min. + +++ 


90 min. + + + 120 min. + + 135 min. + 


Fic. 1.—Results of subcutaneous injection of 20 mg. Methadone hydrochloride per kg. 
body weight, up to 135 min. x15. 


In all cases in which the drug has a mydriatic effect in the mouse eye, the 
light reflex is first diminished and then cloudiness develops in a crescent 
shape, usually within the lower portion of the eye, and gradually spreads 
upwards until the whole area within the pupil has become opaque. The 
time at which the first signs occur and at which a maximum effect is reached 
Varies with the different drugs. Pethidine, which acts very quickly (within 
10 minutes in mice), produces a visible effect on the eye 10 minutes after 
Injection, whereas with morphine very little effect is seen before 25 minutes. 
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Of some 31 morphine-like compounds tested in this way, the majority 
begin to have an effect 15 to 20 minutes after subcutaneous injection, and 
this usually reaches a maximum 15 to 20 minutes later. 

The photographs show the whole range of effects obtainable, but often 
one may only see the stage scored as (+ +) or even only (+) in a given 
animal. The incidence of a more marked opacity increases as larger doses 
of the drug are given. 

The Table shows the dose levels of the various analgesic drugs needed to 
induce an opacity in 50 per cent. of the mice by subcutaneous injection 
The ED 50s* for analgesia (Hot-plate method) are given for comparison 


(Janssen and Jageneau, 1957). 
TABLE 





Doses (mg./kg. body weight) 
Compound 





ED 50 Opacity ED 50 Analgesia 
5° 7 





Morphine 
Dacsmboediles” 
Levorphan a 
Pethidine ... 
Methadone 
Dextromoramide 











A few of the active drugs that were tested do not have a mydriatic effect 
in the mouse at the dose levels which give an opacity. In these cases, the 
formation of the cloudiness usually follows a different pattern and begins 
as a minute speck in the centre of the small pupil. This gradually spreads, 
often along the lens suture lines, until it fills completely the whole area that 


can be seen (Fig. 2).f 


Fic. 2.—Appearance of a mouse eye show- 
ing opacity without mydriasis. = 30. 


—— 





* The ED 50 is the dose which produces the effect in 50 per cent. of the mice tested. This value is used because it 
is » ible to estimate accurately » effective dose in 100 per cent. of cases (i.e. ED 100). 
Log Me dilatation of the pupil occurred while the photograph was being taken because of the way in which the 
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jority Site of the Opacity 

, and The actual position of the cloudiness on the lens was determined in the 
following way. 

often Ten mice were injected subcutaneously with methadone hydrochloride, in 

BiVeR a dose of 20 mg./kg. body weight. When an animal had developed a given 

doses degree of opacity at a stated time after injection, its eyes were photographed. 
Immediately afterwards, the mouse was deeply anaesthetized with pento- 

ed to barbitone sodium 15 mg. intraperitoneally, and the eyes were removed. 


ction The lenses were carefully dissected out, and it can be seen in the photographs 
—_ that the cloudiness which forms on the anterior surface matches closely that 
seen in the whole eye, both in position and shape (Fig. 3). 


50 min. 75 min. 


Fic. 3.—Results of subcutaneous injection of 20 mg. Methadone hydrochloride 
per kg. body weight, up to 75 min. with dissected lens. 15 


: Further examination of the enucleated lenses showed that this clouding 
because it was a deposit on the surface. Removal of the lens capsule exposed a clear 
which the lens substance beneath it; thus showing that the deposition occurred only 
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on the anterior surface of the lens capsule. It was possible to demon: -ate 
that the opacity does not occur elsewhere in the anterior chamber by n -ans 
of a slit-lamp microscope. Using this instrument one was able to watch 
the lens develop this cloudiness soon after injection, while the c: :nea 
remained completely transparent. 

The deposit could be removed from the capsule by washing the lenses in 
normal saline, indicating that the phenomenon was reversible even in vitro. 
Because the attachment of the deposit was of such a labile nature, satisfactory 
histological sections were not achieved. 

The exact chemical nature of this deposit is being investigated. When 
lenses showing an opacity are removed and placed in potassium iodoplatinate 
solution,* the cloudy portion stains blue, while the rest of the lens remains 
pink. This indicates that the deposit is an organic base somewhat similar 
in chemical structure to the original analgesic drug. 


Other Species 


Although the effect on the lens is seen most readily in mice, it can also be 
obtained in other laboratory animals, namely guinea-pigs and rats. The 
opacity could not be produced in 10-day-old chicks injected with methadone, 
pethidine, or morphine, in doses per body weight that are usually effective 
in 80 per cent. of the mice. A very slight increase in the amounts injected 
produced severe toxic symptoms in this species, such as loss of muscular 
power, respiratory depression, and persistent vomiting, so this investigation 
was not continued. 

The doses required in the rat and guinea-pig were approximately the same 
as in the mouse on a weight basis. However, with the exception of pethidine, 
most of the drugs do not dilate the pupil in the rat, unless very large doses 
in the lethal range are given, so that the effect appears more like that shown 
in Fig. 2. Also, in the rat, the opacity develops more slowly after sub- 
cutaneous injection than in the mouse, and often it is not seen before 50 to 
70 minutes. Rats show a greater variation in their response to the action 
of these drugs on the eye, and when the response occurs the opacity is 
usually less marked than in the mouse. This may be due to the larger 
surface area of the lens and greater depth of the anterior chamber in this 
species. 

The pupil is dilated by these drugs in the guinea-pig and the effect is 
readily visible within 45 minutes of subcutaneous injection of pethidine and 
methadone, although, in this species also, the degree of the opacity is less 
marked than in the mouse. 

Different strains of all three species have been used and it has been found 
that the colour of the eyes does not appear to make any difference to the 
incidence or extent of the opacity, even in albinos. 





* (Munier and Macheboef, 1949) alkaloid reagent. 
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Discussion 


A reversible opacity in the lens is described, which is produced by the 
acute administration of morphine-like analgesic drugs. Unlike any other 
drug-induced opacity previously reported, this effect is seen 15 to 20 minutes 
after the injection of these compounds and, whereas they are not reversible, 
its occurrence can be completely prevented by the simultaneous adminis- 
tration of N-allyl-normorphine (Nalorphine). When the opacity has already 
developed, subsequent injection of Nalorphine in 1/10th of the dose, causes 
the effect to disappear in less than a quarter of the normal time. If, how- 
ever, the same dose is used, the eye becomes quite normal in less than 
5 minutes. 


The mechanism by which Nalorphine prevents the effect of these drugs 
on the eye is not known. Nalorphine also antagonizes specifically many of 
the other actions of analgesics, such as depression of respiration and narcosis, 
as well as analgesia (Unna, 1943; Woods, 1956). 


It has been postulated that analgesic drugs combine with certain specific 
receptors somewhere in the central nervous system and that this initiates 
a reaction sequence which results in analgesia (Beckett, Casy, and Harper, 
1956). If we now assume that combination with a similar set of receptors 
is necessary before an opacity can be produced, the mode of action of 
Nalorphine could be explained by a competition between this agent and the 
analgesics for these two sets of receptors, so that the normal reaction 
sequence is prevented in each case. When the exact chemical nature of the 
deposit on the lens is established, it should be possible to discover whether 
this active substance is produced locally at the lens surface, or is formed 
outside the eye and passes into the aqueous humour from the blood stream. 
One would then be able to obtain more precise information concerning the 
mode and site of action of this antagonist. 


The occurrence of this opacity has the advantage of being readily repro- 
ducible. This has enabled us to use it to study the influence of drugs on the 
dynamics of aqueous humour in rodents. The rate of onset and decline 
of the effect can be varied by drugs that are known to alter the formation and 
reabsorption rate of aqueous humour (Weinstock, unpublished observations). 


Wikler (1950) found that visual thresholds were elevated to about ten 
times their original value in morphine addicts but attributed this to the 
constriction of the pupil which this drug produces in the human subject. 
Bearing in mind that the anterior chamber is so much deeper in man and that 
humans are so much more sensitive to the actions of morphine-like drugs, 
it is unlikely, except in an addict, that sufficient dosage could be given to 
produce a definite opacity, but enough might be present, as in animals, to 
bring about a reduction in the light reflex. Therefore, it would be of 
interest to examine patients receiving these compounds to see whether any 
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reduction in visual acuity results from the deposition of material on ‘.e 
lens surface as well as from the action on the pupil. 
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MONOSEMICARBAZONE OF ADRENOCHROME 
(ADRENOXYL) AND CATARACT SURGERY* 
EFFECT ON CAPILLARY RESISTANCE AND INCIDENCE OF 
HYPHAEMA 
BY 


H. T. SWAN, A. B. NUTT, G. H. JOWETT,+ 
W. J. WELLWOOD FERGUSON, anp E. K. BLACKBURN 


From the Departments of Haematology and Ophthalmology, Royal a Sheffield, and 
the Department of Statistics, University of Sheffield 


EPINEPHRINE, from which the monosemicarbazone of adrenochrome is 
derived, has a powerful action on arterioles and capillaries. It causes the 
small muscles of the micro-circulation to contract and this lessens the flow 
of blood within the vessels. The part thus played by endogenous epine- 
phrine in helping to control the physiological flow of blood is more clearly 
defined than any supposed function it has in stopping blood loss. When 
there is bleeding from capiliary damage, pharmaceutical epinephrine can be 
used as a haemostatic for local application, but epinephrine would be of 
greater value in capillary bleeding if its effect were more lasting. When 
given systemically, it has not proved of any value in reducing blood loss, 
and may, indeed, aggravate this by its known action on the mechanism for 
dissolving away formed clots (Biggs, Macfarlane, and Pilling, 1947). 

Epinephrine itself is a very active chemical, but is readily oxidized to 
adrenochrome. This was first isolated. by Green and Richter (1937). 
Adrenochrome was shown by Roskam and Derouaux (1944) to produce 
capillary haemostasis as did epinephrine, and like it was also unstable. In 
view of its instability, Braconier, Le Bihan, and Beaudet (1943) elaborated 
the monosemicarbazone of adrenochrome (Adrenoxyl) which is said to be 
stable and to possess haemostatic properties when given by mouth or by 
injection. 

Many claims have been made for Adrenoxyl. It is said that the drug 
increases capillary resistance in the sub-clavicular region in man and the 
lumbar region in the guinea-pig (Prévost, Cotereau, and Parrot, 1947). It 
is also reputed to increase cardiac output with no effect on the blood 
Pressure or pulse rate (Hervé, 1951) and to stimulate the adrenal cortex 
slightly (van Cauwenberge, Lecomte, Fischer, Vliers, and Goblet, 1953), 
So far as can be ascertained from the literature it has never produced toxic 
or allergic side-effects and does not affect blood coagulation, nor does it 


* Received for publication August 12, 1960. 
t Present address: Department of Statistics, University of Melbourne, Australia, 
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accumulate in the reticulo-endothelial system. Adrenoxy] may be given 
by mouth or parenterally, 

Delayed hyphaema is a well-known and troublesome complication of 
operations for cataract and sometimes causes cicatrization and functional 
disorders of the eye. We decided therefore to attempt an assessment of ihe 
value of Adrenoxyl in cataract surgery by observing such changes as it might 
produce in skin capillaries, as shown by their resistance to negative pressure. 
Concurrently the development of hyphaema was looked for and its relation- 
ship to Adrenoxyl therapy and capillary resistance was established. 

Because of the results obtained, the trial was then extended on more clinical 
lines to find out whether Adrenoxyl has a significant influence on the 
incidence of hyphaema following cataract surgery. 


Part I. Errect oF ADRENOXYL ON CAPILLARY RESISTANCE TO NEGATIVE 
PRESSURE 


Methods 


Choice of Patient and Dosage of Adrenoxyl_—The design of the first part 


of the trial was based on a preliminary sampling of some unsystematic 
records of capillary pressure which were available. These suggested that: 


(a) the operation might itself have an effect on capillary resistance, 


(6) between-patient variability was so large as to make it desirable to use 
each patient as control for himself, i.e. to take observations of capillary 
pressure on the same patient when under treatment with Adrenoxyl and 
when not under treatment. 

In addition these records gave an indication of the size of trial necessary. 

Sixteen patients admitted for lens extraction were investigated in the 
main trial. Twelve of these were non-diabetic (Cases Al to A6, B1 to B6) 
and four were diabetics (Cases A7, A8, B7, and B8). Within these two 
groups the patients were paired according to sex but were otherwise taken 
in strict sequence on their random admission to hospital. The first of each 
pair of patients to be admitted for operation was allocated to the letter A 
or B by the tossing of a coin. 

The patients in Group A received four tablets (10 mg.) Adrenoxyl every 
8 hours for 4 days, 2 days being before the lens extraction, the third being 
the day of operation, and the fourth being the first post-operative day. 
During the succeeding 4 days Adrenoxyl was withheld. The drug was then 
taken in the former dosage for a further 4 days, and stopped for the last 
4 days. 

The patients allocated to Group B received no Adrenoxy] on the 2 days 
before operation, the day of operation, and the day following. During the 
succeeding 4 days they received four tablets Adrenoxyl every 8 hours, in 
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the next 4 days they received none, and for the last 4 days they received 
the drug again in the same dosage. This schedule was what may be called 
the mirror image of Schedule A. 

The two equal groups of patients were given different schedules of 
Adrenoxyl therapy to enable the effect of the operation, if it existed, to be 
eliminated in analysis simply by averaging over both groups, a positive effect 
on differences in one group cancelling a corresponding negative effect in the 
other group. 


Operation.—-The lens extractions were performed by surgeons who were 
members of two surgical teams. The premedication, local anaesthetic, and 
nursing were the same in each pair of cases A and B. 


Estimation of Capillary Resistance.—This was done by the negative 
pressure method advocated by Scarborough (1941), using an apparatus 
similar and comparable to his own, but modified to incorporate an aneroid 
manometer. The cup of the apparatus had an interna) diameter of 20 mm. 
and was applied in turn, for exactly 30 seconds, to each of three areas on the 
left arm of the patient. The three areas chosen were on the volar aspect 
of the forearm as used by Scarborough (1941) and Robson and Duthie 
(1950). The figure sought was the negative pressure at which only one 
capillary ruptured (“critical pressure’’). If no petechiae were produced, the 
negative pressure was increased by stages of 50 mm. until more than one 
petechia appeared. When more than one petechia was produced at a time, 
it was assumed, for the purposes of charting, that the number of petechiae 
appearing was proportional to the increase above the critical pressure, pro- 
vided this remained within the limits of the 50 mm. increase, and an arbitrary 
figure of five was subtracted from the manometer reading for each petechia 
after the first. An average was made of the “critical pressures” of the three 
areas for each day. The same three areas were tested on each occasion by 
the same observer at the same time on each of the 16 days. It was not 
known at the time of the examination whether the patient was receiving 
Adrenoxyl or not. 


Post-operative Complications—Eye dressings were removed once a day 
and any post-operative haemorrhage in the eye was noted at that time. 


Results 


Statistical Analysis of the Pressure at which Capillaries began to Rupture.— 
The data were analysed logarithmically, since there appeared to be marked 
differences in level of capillary resistance from patient to patient, variation 
icreasing with level, and ratios were considered to be a more appropriate 
Measure of comparison than absolute differences of capillary resistance 
(Table 1), The logarithm of the average capillary resistance for the three 

27 
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positions (left medial elbow, left lateral elbow, left wrist) was calculated {or 
each patient on each day, except in the case of Patient A7, whose skin was 
ichthyotic, making reasonable estimations impossible except over the icft 
lateral elbow position, where the skin was relatively normal. This substitu- 
tion was a reasonable one, and can be safely assumed not to have affecied 
the validity of the analysis. 


TABLE I 
SUMMARY OF LOGARITHMIC AVERAGES 





Mean log. Critical Mean log. Critical 
Resistance (with Resistance (post- 
Mean log. Critical Adrenoxyl) minus operative) minus 

. Capillary Resistance | Mean log. Critical Mean log. Critical 

Patient No. (Value in mm. Hg | Resistance (without | Resistance (pre- 

in brackets) Adrenoxyl) operative and day of 

(Arithmetic Ratio operation) 

in brackets) (Arithmetic Ratio 
in brackets) 


+0-126 (1-34) 
(1-28) 

(1-13) 

- (0-80) 

(1-03) 

(0-81) 





AT (diabetic, 
LLE only) . 4 (1-03) 
A8 (diabetic) : : 5 (1-02) 





Mean for Patients in A 
Group . y \. (1:04) 


(1-51) 
(0-98) 
(1-10) 
(1-45) 
(1-11) 











B6 
B7 (diabetic) 
B8 








Mean for Patients in B 
Group 





Mean for All Patients in 
Trial 





S1 (diabetic) 
Supple- = (diabetic) 
mentary} 64 
Group $5 
S6 Not Applicable 











Mean for Supplementary 
Patients 








Mean for All Patients 
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The average log. capillary resistance (C.R.) for Adrenoxyl periods, was 
compared with the average log. C.R. for non-Adrenoxyl periods, and was 
found not to differ significantly. The apparent effect of Adrenoxyl was thus 
virtually nil. From the size of the variation it can be asserted that, even if 
the trial has turned out negative by chance, any real effect is very likely 
(95 per cent. probability) to be less than 6-5 per cent. The difference 
between average log. C.R. for Adrenoxyl and non-Adrenoxyl periods was 
significantly (5 per cent. level) less in the A group than in the B group and 
this different response to the A and to the B dosage pattern must be ascribed 
to the effect of the operation on capillary resistance. These results are 
summarized in Table I and the analysis of variance test of significance in 
Table II. 


TABLE II 


ANALYSIS OF VARIANCE FOR AVERAGE LOG. CRITICAL CAPILLARY RESIST- 
ANCE (ADRENOXYL) MINUS AVERAGE LOG. CRITICAL CAPILLARY RESISTANCE 
(NON-ADRENOXYL) 





Degrees of 
Mean Effect of Adrenoxyl Sum of Squares | Freedom Mean Square 


60-1 1 60-1 (N.S.) 





Difference between Means of A and 
B Groups due to Effect of Opera- 12,826 12,826 
tion (Significant at 
5 per cent. level) 





Difference within Groups 32,079 2,291 














(Unit = 0-001) 


Significantly more (5 per cent. level) cases show a rise in average log. C.R. 
after the operation than show a fall (twelve rises compared with four falls), 
though in patients where there was a fall it was occasionally very marked 
(e.g. in Patient B6 who did not develop hyphaema). It was justifiable to 
lump the A and B patients together for this comparison in view of the lack 
of effect of the drug. 


Six cases were available from a previous trial using 5 mg. (2 tabs) 8-hrly 
of Adrenoxyl. It was believed that these could fairly be included with the 
16 trial cases to assess the effect of the operation. In these six cases, the 
records of the capillary resistance for the pre-operative and operative days 
were available, but occasional observations were missing for the thirteen 
post-operative days. The results for this supplementary group are given in 
the lower section of Table I. While the mean log. C.R. is lower than in the 
major trial and the average is, if anything, slightly less, the capillary resis- 
tance rose in four cases after operation compared with two which fell, 
confirming the significance of the comparison above. 
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Post-operative Hyphaema.—This occurred in six of the sixteen patie:.is, 
Only one patient of the six (A5) developed hyphaema while receiv:ng 
Adrenoxyl and without any obvious precipitating cause. Two of these six 
(Bl and BS5) had been taking Adrenoxyl for 96 and 48 hrs respectively at che 
time when the hyphaema was observed but the haemorrhages were imine- 
diately preceded by abnormal physical exertion which may have caused 
them. Patient Bl jumped out of bed to help a fellow patient in distress 
and Patient BS had a nightmare. The remaining three patients (A4, B4, 
A6) were either not receiving Adrenoxyl when the hyphaema developed or 
the condition was discovered in the course of the first day of Adrenoxyl 
therapy, and could therefore have developed at any time after the previous 
daily dressing, before or after the resumption of Adrenoxyl. 

No correlation was found between the development of -hyphaema and 
capillary resistance, even when the figures relating to the day when the 
hyphaema was observed were compared with those of adjacent days or with 


the mean. 


PART II. EFFECT OF ADRENOXYL ON INCIDENCE OF POST-OPERATIVE 
HYPHAEMA 


Because of the results outlined above, the trial was continued in a modified 
form to see whether Adrenoxyl would prevent or reduce the incidence of 
delayed hyphaema. The methods used were similar to those in the preceding 
section, but were restricted to clinical observation. Adrenoxyl was given by 


mouth throughout the stay in hospital of alternate patients undergoing lens 
extraction. Consecutive patients admitted for lens extraction were paired 
so long as they were of the same sex and had in common the presence or 
absence of diabetes mellitus. By random choice one of each pair was given 
Adrenoxyl 10 mg. (4 tabs) by mouth 8-hrly for the duration of his stay in 
hospital. The other was not given Adrenoxyl, but was observed clinically 
with the same care. Forty patients were treated thus with Adrenoxyl and 
forty had none. The lens extractions were carried out under similar 
conditions in all cases. 

Of the forty patients receiving Adrenoxyl, eight developed hyphaema 
between the first and 11th post-operative days (Table III, opposite). Theres, 
however, an increased incidence of cardiorenal vascular disease in diabetes 
mellitus, and in diastolic hypertension. In both these conditions abnormal 
capillaries are more likely to be present than in non-diabetics and non- 
hypertensives (Brown and Roth, 1927). If, therefore, one excludes 
hyphaemas occurring in patients with a diastolic blood pressure of more 
than 100 mm. Hg and in patients with diabetes mellitus, then six patients 
receiving Adrenoxyl developed post-operative hyphaema as opposed to seven 
not receiving Adrenoxyl. One of these seven patients already had old 
synechiae from previous iritis. 

No toxic effects of Adrenoxyl were found. 
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TABLE III 
DETAILS OF PATIENTS DEVELOPING HYPHAEMA 





Post-operative Day of 
Age Adrenoxyl | Onset or Recurrence of Diabetes ee ea 


Hyphaema 





10 
6 
5,9 


280/120 


Pf Pte fe ae ae ea 


150/- 
137/70 





MINzzennenzennnzzen 
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* Tritis in 1952 


DISCUSSION 


Adrenoxyl, a relatively expensive drug, has been used widely on the 
continent of Europe for the prevention and treatment of haemorrhage, often 
with apparently satisfactory results, but there is a paucity of reports in the 
literature of the English-speaking countries. We find much of the published 
work difficult to evaluate. Thus, for example, Roskam (1954) gives calcium 
chloride and thrombase in addition to Adrenoxyl as preventive measures. 
So far as ophthalmic surgery is concerned, Bohringer (1952) gave Adrenoxy] 
orally and parenterally to prevent hyphaema after cataract operations. He 
found delayed hyphaemas after 21-6 per cent. of 185 cataract operations on 
elderly patients not treated with Adrenoxyl, and after 12-1 per cent. of 63 
operations on patients treated with Adrenoxyl. So far as other forms of 
cataract were concerned, delayed hyphaema occurred in 15-7 per cent. of 
77 untreated patients, compared with 12:8 per cent. of 47 patients treated 
with Adrenoxyl. 


In the first part of the present series where 4 days of Adrenoxyl therapy 
alternated with 4 days without Adrenoxyl for each patient, it appears that 
the Adrenoxyl as given had no significant effect on capillary resistance; nor 
did it prevent the development of delayed hyphaema unassociated with 
abnormal exercise in at least one case. 

It is of interest to note that, although capillary resistance commonly tended 
to rise after operation in our series, it occasionally fell quite markedly; but 
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a fall in capillary resistance was not necessarily associated with hyphaema, 
and hyphaema also occurred in patients in whom there was no apparent 
lessening of capillary strength. 


SUMMARY 


Sixteen patients undergoing lens extraction for cataract were given 
Adrenoxy] in a dosage of four tablets (10 mg.) by mouth 8-hrly in a controlled 


trial of the drug. 
Adrenoxyl thus given had no statistically significant effect on capillary 


resistance as measured by a negative pressure method. No apparent rela- 
tionship was seen between the development of delayed hyphaema and changes 
in capillary resistance. 

There was no apparent difference in the incidence of post-operative 
hyphaema in a series of forty pairs of patients, one of each pair receiving 
Adrenoxyl by mouth, and the other being treated similarly in all respects 
except for the administration of Adrenoxyl. 


We thank Miss P. A. Hall, B.Sc., for technical assistance and Dr. J. L. Potier for advice on the 
construction of the resistometer apparatus. We are indebted to Sister M. Brown and her staff 
for their excellent cooperation in the trials. One of us (E. K. B.) is grateful to the Endowment 
Fund of the Board of Governors of the United Sheffield Hospitals for a research grant. 
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THE INNER LIMITING MEMBRANE OF THE RETINA* 


BY 


CHRISTOPHER PEDLER 
Department of Pathology, Institute of Ophthalmology, University of London 


THE micro-anatomy of the region between the retina and the vitreous has 
been a source of discussion and interest for more than a century. Work 
has, in general, been concerned with the inner surface of the retina and has 
involved extensive investigation of what is normally termed the inner limiting 
membrane. The basis for this name was very probably provided by Pacini, 
who referred to a homogeneous structure on the vitreous surface of the 
retina as the membrana limitante. The same author, however, mentions at 
least twelve other workers who apparently preceded him with morphological 
studies on the retina (Pacini, 1845). Indeed, earlier references to the inner 
retinal surface can readily be collected; for example, Gottsche (1836) recog- 
nized a lamellar tissue in close relationship to the inner nervous elements 
of the retina and Michaelis (1837, 1842) wrote of what he called the “‘serous 
inner layer” of the retina. It is difficult to be certain when ordered structure 
was first observed within the region of the membrana limitante, but the first 
description is almost certainly due to Hannover (1840), who wrote of a 
glass-bodied membrane composed of large, transparent, six-sided “‘ce 
Pacini also described a similar appearance, but the formation and minute 
relations of the membrane were not considered in greater detail until the 
description of the radial fibres by Heinrich Miiller (1851) prompted both 
Schultze and Schelske to suggest that the mosaic of cells described by 
Hannover was in fact related to the flat vitrad ends of the radial fibres. 
Schultze went so far as to state, in a classical work on the structure and 
function of the retina, that the membrane is formed by these fibres (Schultze, 
1859); Schelske was content merely to write that the morphology of the two 
structures did, to some extent, correspond, and that the suggestion made by 
Schultze was a possibility. The same author went on to show that the 
average diameter of the clear spaces in the mosaic formation varied approxi- 
mately between 3 x 20 microns, and further that the spaces were elongated 
in the long axis of the great vessels to a maximum size of 42 microns 
(Schelske, 1863). 

In 1871, the great anatomist Gustav Retzius published the first of two 
articles on the inner limiting membrane; he first extensively reviewed the 
existing work on the subject and then went on to describe experiments on 
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the retinae of man, the cat, and the rabbit, using a silver impregnation 
technique which he attributed both to Schelske and von Recklinghausen. 
He also made detailed drawings showing the characteristic mosaic formation 
as revealed by the silver, and stated quite categorically that the membrane 
was formed by the ends of the radial fibres (Retzius, 1871). Over 30 years 
later he published a second work describing the appearances of the mosaic 
formation in a large variety of vertebrate species, again using a silver nitrate 
impregnation method (Retzius, 1904). This, together with his first paper, 
probably represents the most extensive original work ever carried out on 
the subject. In the same year, however, Tornatola (1904) also published a 
preliminary note in which he stated that, although the mosaic present in 
the plane of the inner limiting membrane conformed to the contour of the 
radial fibres in some specimens, he was not of the opinion that the inner 
surface of the retina was covered either by a glass membrane or by a mem- 
brane composed of the conjoined ends of the radial fibres. He wrote, 
instead, that connexions between the vitreous and the retina existed and 
that these could be demonstrated by special glial stains. Some-doubt had 
therefore been cast on the original concept that the internal limiting mem- 
brane was formed by the radial fibres, and this was apparent even some 
years later, for Salzmann, in a discussion on the nature of the membrane, 
wrote that it was as much related to the vitreous as it was to the retina, and 
further that surface views of the structure showed only the impressions made 
by the radial fibres, so that it could not be inferred that the radial fibres 
gave rise to the membrane by the fusion of their vitrad ends (Salzmann, 
1912). The contrary view was again expressed when van der Stricht (1922) 
published an immensely detailed work on the subject. The author used a 
silver nitrate impregnation technique similar to that used by the earlier 
investigators and came firmly to the conclusion from observations made on 
a variety of species, that the membrane was formed as a direct extension of 
the fibres of Miiller. Furthermore, he stated that the extension was formed 
by the intercellular cement surrounding the radial fibres. Eight years later, 
Menner (1930) came to an essentially similar conclusion, but Police (1932), 
in a treatise on the morphology of the radial fibres, stated that they played 
no part in the formation of either the inner or the outer limiting membrane, 
although he conceded that connexions probably existed. In assessing this 
work it may be of interest to note that the author was abusively criticised by 
Polyak (1941) for his views on the relationship between the visual cells and 
the radial fibres. The view that the two structures are separate was again 
endorsed by Wolff (1937), who wrote that the inner limiting membrane was 
distinguishable from the Miiller fibres since Mallory’s triple stain shows the 
inner limiting membrane to stain blue and the radial fibres red. Finally, 
Polyak (1941), in his great work on the retina, stated without equivocation 
that the inner limiting membrane was formed by the expanded ends of the 


radial fibres. 
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A review of the literature, therefore, reveals a considerable difference of 
opinion on the nature of the inner limiting membrane. On the one hand 
there are those who consider that it is formed by the radial fibres, and on 
the other those who see it as an entirely separate structure, composed either 
of a single sheet of cells or of featureless hyaline material. By far the most 
prevalent opinion and that which has found its way into the majority of 
textbooks is the view that the membrane is formed by the radial fibres. 

The work reported in this article has been carried out in order to determine 
the appearances of the inner retinal surface, using different methods, and to 
relate these appearances to the morphology of the immediately adjacent 


structures. 


Methods 


(1) Photo-sensitized Silver Impregnation of the Wet, Whole Retina.—Several of 
the workers mentioned above used a method involving exposure to light with 
impregnation by silver nitrate. The exact mechanism of this reaction has never 
been satisfactorily explained; but it must consist, at least in part, of selective 
reduction of the applied silver solution, so that certain structures in the treated 
tissue become differentially visible because they are coated to a different degree 
by a deposit which includes metallic silver. The method to be described has 
proved reliable at least in one respect, that it will show similar structures in con- 
secutive specimens provided that some care is taken to repeat the process exactly: 


Pieces of human retina were taken from eyes received for routine pathological examina- 
tion, provided that there was no evident retinal damage and the eye had not been in 
10 per cent. formol saline for more than 3 days. The eyes from animals, with the excep- 
tion of those of the cat, were taken from an abattoir, the retinae being removed unfixed 
and placed as rapidly as possible flat on a slide into 10 per cent. formol saline at room 
temperature. In the case of the cat, the eyes were removed under intraperitoneal 
Nembutal anaesthesia. 


Silvering Procedure.—The eye is bisected coronally as near as possible to the equator, 
and the posterior half is held in position under a dissecting microscope and the retina 
removed whole. It is then placed with the inner surface uppermost on a slide, the 
vitreous body is then removed and the retina immersed, mounted on the slide, in 10 per 
cent. formol saline. A coverslip is gently lowered on to the inner surface of the specimen 
to assist flattening. If the retina is fixed before removal from the eye it will not flatten 
sufficiently without first making several radial incisions throughout its full thickness from 
the region of the disc to the periphery. Fixation is continued for approximately 72 hours. 
It is not necessary to be precise about the time, but if fixation is continued for a much 
longer period (more than one week) it is found that some clarity of surface detail is lost. 
On removal from the formol saline, the slide containing the specimen is again placed 
under a low-power microscope, superfluous fluid is removed, and the specimen covered 
gently with a solution of 1 per cent. silver nitrate. A flocculent white precipitate of 
silver chloride forms immediately, which is washed off by repeated application of silver 
nitrate until both the surface of the retina and the covering fluid remain quite clear. A 
monofilament lamp (6 v. 6 a.) is then trained on the surface of the specimen from a 
distance of 9” and is focused with an appropriate converging lens until an image of the 
eeneat is seen to cover the specimen as evenly as possible. No heat-absorbing filter 
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On exposure to the light, the silvering process begins. At first a faint metallic shen 
develops on the inner retinal surface, and then the remaining tissue gradually begin: to 


change its appearance; first becoming a light fawn colour and then, over a perio« of 
about 10 minutes, deepening to a characteristic sepia tone. The depth of this colour, 
together with its translucent quality, is the sole macroscopic indication of successful 
impregnation and if the process is continued for a longer period, an opaque dull brown 
colour develops, which on subsequent microscopic examination is shown to consist of a 
granular and structureless black precipitate. Finally, the silver nitrate solution is wasiied 
off with 10 per cent, formol saline until once again the resultant white precipitate is 
removed. The specimen is then mounted on a sealed slide in either formol saline or 
gelatin and is examined by transmitted light and oi) immersion. All solutions are used 
at room temperature. 


(2) Methylene Blue Staining of the Isolated Radial Fibres.—The specimen shown in 
Fig. 6 (below, p. 430) was prepared in the following way: 

A fragment of fresh unfixed cat retina was placed, inner surface downwards, on a well- 
albuminized coverslip, a non-albuminized slide was placed over the specimen, and the 


whole immersed in 10 per cent. formol saline. After approximately 72 hours, the upper- 
most non-albuminized slide was removed and the albuminized coverslip holding the 


specimen was mounted under a dissecting microscope. One edge of the retina was then 
raised and pulled off the coverslip. This process appears to pull the conical tips of the 


radial fibres out of the retina so that they remain adherent to the layer of albumen on the 
coverslip, which is then covered with 1 per cent. aqueous methylene blue solution for 


10 seconds and mounted on a slide so that the wide inner ends of the radial fibres are 
pointing towards the objective of the microscope. 10 per cent. formol saline is then run 


between the coverslip and slide, and the whole is sealed. 
These preparations are not permanent. 


Results and Their Interpretation 


(1) Inner Retinal Surface as seen in the Wet Preparation.—The photo- 
sensitized silver method described above will impregnate only certain tissues 
in any given specimen; thus a general picture of retinal architecture is 
revealed by differences in colour and depth of tone. The appearances pro- 
duced by this technique are seen in Fig. | (opposite), which is a low-power 
photomicrograph ( x 90) of part of an unsectioned cat retina. It will be noted 
that the nerve fibre bundles are not coloured by the silver and are shown 
up by contrast with the radial fibres, which have taken up the silver readily 
and appear, at this resolution, as dark lanceolate clumps of tissue protruding 
towards the inner retinal surface between the nerve fibre bundles. Similarly, 
the branched main vessel passing diagonally across the field also appears 
light in tone, since there are no radial fibres on its inner or vitrad surface 
to take up the silver. The mosaic pattern referred to in the introduction 
is not resolved at this magnification, and it is necessary to use an objective 
numerical aperture of at least 0-65 before the details of its structure can be 
satisfactorily examined. The photomicrograph shown in Fig. 2 (opposite) 
was taken with the aid of an oil immersion system giving a total magnifica- 
tion in the plane of the photographic negative of 384, The mosaic is resolved 
and presents a characteristic appearance, being formed by irregular granular 
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Fic. 1—Whole mount of cat 
retina treated by the photo- 
sensitized silver method, inner 
surface uppermost. (xX 90). 

A main vessel traverses the field 
diagonally from right to left and 
the nerve fibres run parallel to it. 
The dark zones between the nerve 
fibres are the bundles of radial 
fibres stained by silver. 


Fic. 2.—Whole mount of human 
retina treated by the photo- 
sensitized silver method, inner 
surface uppermost (x 384). 
Transmitted light. 


lines of silver-impregnated tissue continuously interconnected to enclose 
clear, polygonal spaces. These (the champs polygonaux of van der Stricht) 
are either uncoloured and translucent, or of a light sepia tone and semi- 
opaque; both varieties are shown in this specimen. This pattern is seen 
only on the innermost part of the retina and as the microscope is racked 
downward towards the inner retinal surface, it is the first regularly ordered 
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structure to be observed, apart from a layer of translucent granular mate-ial 
which covers its vitreous aspect. The granules which form this layer are 
similar morphologically to those which constitute the dark lines of the mosaic 
pattern with the exception that they are neither so deeply coloured by the 
silver, nor so regular in size. Figs 3 and 4 show similar appearances in the 
sheep and ox retina with a higher magnification ( = 712). 
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Fic. 3.—Whole mount of sheep 
retina treated by the photo- 
sensitized silver method, inner 
surface uppermost (x 712). 
Transmitted light. 





Fic. 4.—Whole mount of ox 
retina treated by the photo- 
sensitized silver method, inner 
surface uppermost (712). 
Transmitted light. 
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If a specimen is mounted so that the coverglass is not touching the inner 
retinal surface, the clear spaces within the mosaic are seen to be out of focus 
with respect to one another. The reason for this appears to be that the 
plane of each mosaic is very slightly tilted with respect to the general plane 
of the retina, thus the inner retinal surface exposed after removal of the 
vitreous is seen as a contiguous but irregular series of minute facets. Simi- 
larly, if reflected light is used, a series of tilted mirror-like surfaces is seen. 
The difference in angle of each individual facet is best demonstrated if the 
numerical aperture of the objective used is sufficiently large to imply a depth 
of field in the object space smaller than 1 micron. Similarly, if the numerical 
aperture of the objective is known, then the depth of focus in the object 
space can be calculated. Thus, by the use of a calibrated fine adjustment, 
the vertical distance between two very small objects can be measured to an 
accuracy of plus or minus the calculated depth of field, provided that the 
mechanism of the fine adjustment gives rise to no lost motion and that the 
observer suffers from no refractive error. This principle has been made use 
of in the preparation of the photographs shown in Figs 5A and 5B, which 
are taken from exactly the same region of a cat retina, using an objective 
with a numerical aperture of 1-3, giving a depth of field of approximately 
0:5 micron. 


A B 


Fic. 5 (A and B).—Whole mount of cat retina treated by the photo-sensitized silver method, 
inner surface uppermost ( x 1060). 

The field is the same in both photographs, but the plane of optimum focus in Fig. 5B is 3 
Microns closer to the vitreous than in Fig. 5A. (See text.) 
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In the first (Fig. 5A), optimum focus was located in the uniform 
granular layer referred to above and it can be seen that the mosaic formation 
is blurred. In the second (Fig. 5B), the focus was located in the mosaic 
region by an indicated downward movement of the microscope of 3 
microns; it will be seen that the granular layer is no longer clear but that 
the mosaic is in focus. If the plane of focus is moved still further into ihe 
retina, the mosaic pattern disappears from view after a movement of 
2 microns; no further ordered structure being seen until the expanded ends 
of the radial fibres come into view between 7 and 10 microns deep to the 
retinal surface. These, however, are not seen clearly, because the light rays 
forming their image are diffused slightly by passage through the intervening 
tissue; they are shown as dark blurred patches in Figs 5A and 5B. 

To obtain a more exact picture of the arrangement of the radial fibres, 
it is best to remove them according to the technique described above. Fig. 6 
is a photomicrograph of a specimen prepared in this way and shows the 
radial fibres end-on as dark polygonal patches separated by clear zones and 
arranged in ranks between the spaces normally occupied by the nerve fibre 


bundles. 


Fic. 6.—Inner ends of the radial fibres removed from a cat retina and stained 
methylene with blue (wet preparation, x 360). 





a le ee a ee a 


INNER LIMITING MEMBRANE OF THE RETINA 431 


(2) Relationship between the Radial Fibre and the Inner Retinal Surface.— 
The differences of opinion concerning the relationship between the radial 
fibres of Miiller, the inner surface of the retina, and the vitreous face have 
arisen for three main reasons: 


(a) Because the contour of the polygonal areas in the mosaic sometimes 
conforms to the end-outline of a radial fibre; 


(b) Because the exact location of the mosaic pattern has not been defined; 


(c) Because many of the existing observations have been made on dehy- 
drated tissue only. 


(a) In Figs 1 and 6 the radial fibres are seen to be arranged in closely 
packed rows or clumps protruding towards the inner retinal surface between 
the nerve-fibre bundles and the blood vessels. They do not curve around 
the inner vitreal aspect of the nerve fibre bundles or the vessels completely, 
but pursue a moderately straight course towards the inner retinal surface. 
This is seen in Fig. 7, which shows a vertical section of cat retina cut at 
right angles to the long axis of the nerve fibres. The radial fibres pass 
directly to the inner retinal surface, where they terminate in trumpet-shaped 
expansions 


Fic. 7.—Vertical section of a cat retina cut in a plane at right angles to the 
longitudinal axis of the nerve fibres, showing radial fibres passing around a 
main vessel. The space between the expanded ends of the radial fibres at 
the inner retinal surface is seen. (Lieb’s haematoxylin, x 360.) 
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(b) Similarly, in Fig. 1, it is clear that the radial fibres are not presen: on 
the vitreous aspect of either the nerve fibres or the vessels. It is possiovle, 
therefore, to define zones in the retina where the vitrad ends of the radial 
fibres are not present at the inner retinal surface. However, examination 
of a whole retina impregnated by the photo-sensitized silver method shows 
the mosaic pattern to be evenly continuous over the entire internal surface, 
including the inner aspect of the nerve fibre bundles, the vascular tree, and 
the optic disc, with the exception of the central pit in the human; so that 
the mosaic and the radial fibres must at least be morphologically separate 
both for the above reason and also because the two structures are seen to 
be at least 7 microns apart in the wet specimen with no ordered continuous 
structure between them. In contrast, however, the appearances seen in 
Fig. 7 make it difficult to accept that they are separate, for in this dehy- 
drated specimen, at the resolution used, the termination of the radial 
fibres apparently coincides exactly with the inner retinal surface, implying 
either a difference between wet and dry retinal tissue or that the mosaic 
structure does not appear in sections. 


(c) Dehydration of tissue for normal histological preparation automati- 
cally implies a shrinkage, common to cellular and noncellular components 
alike. The existence of a “ground substance” in the central nervous system 
has for long been a source of exacting controversy; recent work has shown 
however that it probably is present and further that it consists of mucopoly- 
saccharides, and possibly mucoproteins although the balance of the evidence 
is in favour of the former (Hess, 1953). Furthermore, it has been suggested 
that the supporting substance of the central nervous system is capable of 
particularly delicate adjustments in volume by alteration of its water content 
(Taft and Ludlum, 1929), a property probably due in part to the 
convoluted spiral molecular shape of hyaluronic acid, which is almost 
certainly a constituent. If, therefore, it could be demonstrated that the 
morphology of the region containing the mosaic pattern is altered by treat- 
ment with hyaluronidase, it would suggest that the appearances are wholly 
or partially attributable to extracellular components. 


(3) Effect of Hyaluronidase.—Several experiments were performed to test 
the possibility that the mosaic pattern may be altered by treatment with 
hyaluronidase, all of which conformed to the following general pattern: 


A rectangular fragment of kitten retina was taken from a fresh specimen and 
divided into two equal squares, one being retained in normal saline and the other 
immersed in a solution of hyaluronidase in normal saline (1,500 I.U./ml.) for a 
minimum period of 2} hours at room temperature. Both specimens were then 
subjected to the photo-sensitized silver method in exactly similar fashion. On 
examination, the control fragment appeared normal, whereas the piece treated 
with hyaluronidase showed an almost complete absence of the granular layer 
overlying the mosaic. Even prolonged treatment with hyaluronidase (24 hours 
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at room temperature) failed to alter the appearance of the lines forming the 
pattern, which in fact were seen with greater clarity in the absence of the granules 


(Fig. 8). 


Fic. 8—Whole mount of kitten 
retina treated first with hyaJuroni- 
dase and subsequently by the 
photo-sensitized silver method 
(x 340 enlarged). 

No granular layer is apparent. 


With the provisos that such relatively coarse procedures can only be used 
as the broadest indication and the possibility that the enzyme is capable of 
bringing about a change in its refractile properties alone, it seems 
probable that the granular layer overlying and to some extent infiltrating 
the mosaic is partially formed by mucopolysaccharides of the hyaluronic 
acid type. 


(4) Presence of Reticulin——Further evidence for the thesis that the inner 
limiting membrane is a separate extracellular structure would be the demon- 
stration within it of reticulin or argyrophil fibres. There is at the present 
time some dispute among molecular biologists as to the exact nature of this 
material, but its morphological characteristics and the methods used to 
demonstrate them are not seriously in doubt. A number of human retinae 
embedded in celloidin and stained for reticulin by Wilder’s method (Wilder, 
1935) was examined for the presence of reticulin fibres in the region of the 
inner retinal surface. A typical result is seen in Fig. 9 (overleaf ), showing the 
characteristic branching argyrophil pattern of reticulin in an oblique section 
of the inner retinal surface. The fibres do not appear to be regularly 
ordered and at no time was any resemblance to the mosaic pattern seen in 
preparations stained for reticulin. Unfortunately, it is not possible to relate 
the reticulin fibres to the mosaic pattern with any precision, for the mosaic 
is best seen in the wet whole specimen and reticulin in the dehydrated and 
embedded tissue. Furthermore, the presence of reticulin in this region does 
not necessarily imply that the inner surface of the retina is constructed from 
the same material, for it may well represent a transition zone between retina 
28 
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Fic. 9.—Oblique, vertical section 
of human retina stained by 
Wilder’s method for reticulin. 
Reticulin fibres are seen on the 
inner surface ( x 320). 


and vitreous. In any case it would appear pointless to distinguish the 
exact level at which one structure changes into the other; it is far more 
probable that, in the living eye, the retina merges gradually into the outer 
face of the vitreous body and that the reticulin which is demonstrable in 
this region may be as much a part of the outer vitreous as of the inner retina. 
This is not to deny that a plane of cleavage (Fig. 10) exists between the 
retina and the vitreous in pathological states; indeed, there is considerable 
evidence to support genuine vitreous detachment as a sequel to exudative 
inflammatory lesions giving rise to an intravitreal cellular infiltration and 
subsequent contracture (Duke-Elder, 1940). Furthermore, it is easier to 
remove the vitreous from an excised eye if some hours have elapsed since 
death, again suggesting a plane of potential separation which is accentuated 


by the processes of post mortem autolysis. 


Fic. 10.—Vertical section of kitten retina 
stained with Mallory’s triple stain. To show 
plane of cleavage between condensed vitreous 
and the inner limiting membrane ( x 320). 


A further characteristic of reticulin is that it stains positively with certain 
specific variants of the periodic acid-Schiff method. Vertical sections show 
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that the inner retinal surface stains strongly with this method which is 
additional evidence for the presence of reticulin and may, according to some 
observers, serve to distinguish it from collagen which is alleged to stain 
lightly if at all (Robb-Smith, 1957). Similarly; vertical sections show the 
inner limiting membrane to take up the acid aniline blue as used in the 
Mallory trichrome method, whereas the vitrad extensions of the radial fibres 
are coloured a deep red, which is not only another method of demonstrating 
reticulin but again indicates that the membrane and the radial fibres are 
separate structures. The fact remains, however, that the radial fibres are 
firmly attached to the inner limiting membrane and may in fact be pulled 
out of the retina if the membrane is detached artificially—a phenomenon 
which is frequently seen as an artefact through handling during histological 
preparation and also as a result of post mortem degeneration (Fig. 11). 


Fic. 11.—Vertical section of cat retina stained by Anderson’s 
phosphotungstic acid method ( x270), showing a detached 
inner limiting membrane with the inner expansions of the 
radial fibres still adherent to it. Some nerve fibres also 
remain attached. 


Finally, repeated searches for nuclear and cytoplasmic detail within the 
mosaic have proved consistently negative, with the exception of the vitreous 
cells of Hannover which are easily distinguishable. It may be concluded 
therefore, that the inner limiting membrane is a separate and specific extra- 
cellular structure containing both hyaluronic acid and reticulin and that it 
is separate from the radial fibres and not formed by lateral extension of their 
vitrad ends although these are firmly attached to it. 


(5) Nature of the Mosaic Pattern.—If, therefore, this region of the retina is 
non-cellular, it is of interest to consider, first the nature of the mosaic pattern 
and secondly the relationship between the inner retinal surface and the 
equivalent parts of the central nervous system elsewhere. 

As the retina differentiates from the.neural ectoderm, fibrillary connexions 
are seen to develop between the inner surface of the primitive retina and the 
combined ectoderm and vascular mesoderm which together form the 
primary vitreous; this process is apparent at the 12-mm. stage of the 
embryonic development, at which time the fibrils, which run in an approxi- 
mately radial direction, are continuous with the vitrad ends of the 
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differentiating radial fibres although they are seen to disappear during sub- 
sequent maturation. 

It is interesting to speculate, therefore, that the mosaic pattern may be ue 
last vestigial imprint of these fibrils and that it is artificially brought into 
view first by the removal of the vitreous, which is in itself an artificial 
process, and secondly by the silver technique used which shows it up differen- 
tially, possibly because the-tissue forming the pattern protrudes for a short 
distance beyond the level of the clear spaces it encloses. This latter possi- 
bility is unfortunately impossible to verify with the optical microscope since 
the necessary resolving power is not obtainable, and it is equally difficult 
to record with the electron microscope since wet specimens are electron 
opaque and are in fact rapidly damaged by the incident electron beam. 

The relationship between the inner aspect of the retina and the embryo- 
logically equivalent zone of the spinal cord is clear if it is allowed that both 
arise from the same surface of the primitive central nervous system: the 
cord by an outgrowth and fusion of the neural crest, and the retina by 
invagination of the anterior surface of the outgrowing optic vesicle. Thus 
the outer surface of the cord is equivalent to the inner surface of the retina. 
It is scarcely surprising, therefore, that there is a striking morphological 
resemblance between what is usually termed the external limiting membrane 
of the cord (Strong and Elwyn, 1953) together with the feet of the attached 
bipolar spongioblasts, and the inner aspect of the retina together with the 


attached radial fibres (Fig. 12). 


Fic. 12.—Transverse section of spinal 
cord of 44-mm. human embryo shown by 
the Golgi silver technique. 

Reproduced from Strong and Elwyn 
(1953) by courtesy of the publishers. 





INNER LIMITING MEMBRANE OF THE RETINA 437 


The peripheral feet of the spongioblasts expand in a similar way to the 
inner ends of the radial fibres, both are arranged in closely packed pali- 
sades, and both show lateral or, in the case of the cord, circumferential 
fibrillar expansions. 


Summary 

(1) To indicate that controversy exists both in regard to the nature of the 
inner limiting membrane and to its relationship with the radial fibres, a brief 
review of the literature is presented. 

(2) A photosensitized silver impregnation technique is described which is 
suitable for the delineation of certain structures in wet preparations of whole 
retinae. 

(3) The morphological appearances of the inner retinal surface are 
described and photomicrographs of the mosaic pattern on the inner limiting 
membrane shown. 

(4) The relationship between the structures of the inner retinal surface 
and the radial fibres of Miiller is discussed, and evidence is presented which 
suggests that the two are separate and that the inner limiting membrane is 
not formed by the radial fibres. 

(5) The possibility that the inner limiting membrane is an extracellular 
reticulin-containing structure is considered. 


(6) The suggestion is made that the mosaic pattern revealed by the photo- 
sensitized silver technique is concerned with the attachment of the vitreous 


body to the surface of the retina. 


(7) The morphological resemblances between the inner surface of the 
retina and the outer surface of the spinal cord are noted. 


It is my pleasure to record the help and encouragement I have received from Professor Norman 


Ashton. I should also like to thank Miss E. Robins for her skilled technical assistance. 
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ROLE OF THE SYMPATHETIC IN 
LACRIMAL SECRETION* 


BY 


JOHN WHITWELL 
Bournemouth 


Tue lacrimal gland is innervated by the lacrimal, the facial, and the cervical 
sympathetic nerves; the anatomical and functional characteristics of each 
were briefly summarized in a previous communication (Whitwell, 1958). 
Overwhelming evidence points to the fact that the lacrimal nerve is not 
secretory in function, but is purely the afferent path of a reflex arc. Similarly, 
the facial nerve is of prime importance in the control of lacrimation, 
especially the refiex tear secretion. Nevertheless, in clinical cases of com- 
plete paralysis of the facial or greater superficial petrosal nerves, although 
weeping is abolished, the eye remains comfortably moist (Rowbotham, 
1939). The problem of the residual secretion remains undecided. It is 
possible that the completely denervated gland autonomously secretes a 
constant small amount of tears, or that a blood hormone is the stimulating 
factor. It is equally possible that the sympathetic nervous system is 
responsible. 

The literature on the role of the sympathetic in tear secretion is both 
contradictory and confusing. Herzenstein (1868) cut the cervical sympa- 
thetic in dogs and noticed no alteration in tear secretion, as also when he 
stimulated the upper cut end. Wolferz (1871) in dogs, and Demtschenko 
(1871) and Laffay (1896) in rabbits, all obtained lacrimation on stimulation 
of the cervical sympathetic, even after section of the lacrimal nerves. 
Tepliachine (1894) obtained similar results. In a detailed study, Reich 
(1873) stimulated the distal end of the cut cervical sympathetic. In five 
rabbits, increased lacrimation was noticed, but in four there was no effect. 
In seven rabbits, removal of the superior cervical ganglion had no effect on 
the reflex lacrimation caused by nasal mustard-oil stimulation. In six 
tabbits, after removal of both superior cervical ganglia and the trigeminal 
on one side, it was still possible to obtain reflex lacrimation. 

Experimenting on monkeys, Campos (1897) noticed no effect by stimu- 
lating the cervical sympathetic. Vulpian (1875) found that section of the 
cervical sympathetic or removal of the superior cervical ganglion of cats 
and dogs may give an increased tear secretion, but not constantly. In some 
dogs, curarized and under artificial respiration, removal of the left superior 
cervical ganglion caused a more abundant secretion from the right eye. In 
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his experiments on rabbits, Laffay (1896) found that stimulation of ‘he 
cervical sympathetic produced no hypersecretion when the facial nerve liad 
been extirpated a few weeks previously. 

Schirmer (1909), in an excellent review, suggested that conjunctival and 
lid hyperaemia caused by sympathectomy reflexly caused the lacrimal 
secretion in many of the earlier animal experiments—a view already put 
forward by Levinsohn (1903), who had found that sympathetic section in 
man induced a secretion of tears. Schirmer stimulated the peripheral end 
of the cut cervical sympathetic in a human undergoing cervical sympath- 
ectomy with negative results. In old sympathetic lesions, he noticed no 
alteration in the quality or the quantity of the tears, but in fresh sympath- 
ectomies, the secretion was reduced. Apart from this evidence on fresh 
sympathectomies, most clinicai observations show that unilateral cervical 
sympathetic lesions (surgical or pathological) have no effect on lacrimal 
secretion (Mutch, 1944; Campos, 1897; Schirmer, 1909). 

It will be seen that, although Schirmer (1909), Whitnall (1932) and Duke- 
Elder (1938), believe the sympathetic to be secretory in function, the 
experimental and clinical evidence is not altogether convincing. 

This confusing literature leads one to agree with Schirmer that further 
animal experiments would be unlikely to furnish any more useful informa- 
tion, and that only observations on humans offer muck hope of further 
advances in knowledge. 


Present Investigations 


However, an opportunity presented itself at the Institute of Ophthalmology 
to stimulate the cervical sympathetic of a cat. The cat was anaesthetized 
with Nembutal, and Mr. D. P. Greaves, to whom I am indebted, had dis- 
sected out both cervical sympathetic chains for work on intra-ocular 


pressure. 


Observation 1.—The left cervical sympathetic was stimulated at roughly the 
mid-point by a double electrode (Faradic current, 2 V, 30 c.p.s.) for 4 minutes, 
with Schirmer-type filter paper in each conjunctival sac in the usual manner. The 
level of tear secretion was marked off after 1 minute and again after 4 minutes, 
and recorded in millimetres. The electrical current was accompanied by extreme 
dilatation of the left pupil and retraction of the nictitating membrane. 
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The results show that stimulation of the cervical sympathetic causes an 
immediate increase of lacrimation, but that after an interval of continued 
stimulation, the secretion becomes almost equal on the two sides. Harder’s 
gland is a direct posterior relation of, and indeed is closely attached to the 
nictitating membrane, and the most plausible explanation of this result is 
that the strong retraction of the membrane expresses the secretion of 
Harder’s gland to provide the apparent fleeting hypersecretion. This view 
is submitted as a possible explanation of some of the diverse results found 
in earlier animal experiments. For instance, Arloing (1890) and Levinsohn 
(1903) reported that a few minutes after the resection of the cervical sympa- 
thetic, the corresponding eye is filled with tears. 


The cervical sympathetic has been stimulated at operation in two cases 
in humans. 


Observation 2.—A man aged 56 had had a left cervical sympathectomy per- 
formed for a disciform degeneration of the maculae. Before excision of a length 
of the chain above the stellate ganglion, it was stimulated by a double electrode 
(Faradic current, 4 V, 25 c.p.s.) for a period of 5 minutes. Schirmer’s test was 
carried out pre-operatively and also during the time of excitation. 





; Eye 
Schirmer Reading (5 min.) 








Pre-operative 





During Excitation 











However, shortly after the above observation, an important paper by 
Rutherford (1913) came to notice. In describing the tear secretion as a 
guide to anaesthesia, he states that the eye becomes quite dry in the 3rd 
and 4th stages. No explanation of this phenomenon is offered and it is 
not known whether the paralysis of the gland is a local one (poisoning of 
the gland itself) or a central nervous one. In the former case, stimulation 
of the secreto-motor nerve would be without effect, in the latter case, 
secretion would occur. The latter explanation would seem the more likely, 
but on the other hand, such an experienced surgeon as Rowbotham (1939) 
stimulated the greater superficial petrosal nerve on two occasions with a 
Faradic battery and was unable to produce tears. Presumably the patient 
was in the third stage of anaesthesia. 


Observation 3.—A right sympathectomy was being performed on a female aged 
22 for Raynaud’s disease. The surgeon was able to stimulate the cervical 
sympathetic above the stellate ganglion as in the previous observation. The level 
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of anaesthesia (gas, oxygen, and ether) was reduced to as low a level as possivle 
at-the time of stimulation. The Schirmer reading was 1 mm. in each eye. 


In both these observations, sympathetic stimulation was accompanied by 
marked dilatation of the pupil. The results obtained are in full agreement 
with those of Schirmer himself and of Axenfeld, both of whom obtained 
negative results on sympathetic stimulation in man at operation. 

In the case of the subject of Observation 2 the sympathectomy on the 
right side was delayed for several weeks and other tests were performed in 


the meantime. 


Observation 4.—13 days after the first operation, an ordinary Schirmer test was 
performed. After an interval, the test was repeated, but for only one minute, 
and the patient was asked to sniff strong ammonia. Although the standard 
Schirmer test, by reason of the conjunctival foreign body, mainly measures reflex 
lacrimation, the ammonia strongly increases this reflex tearing. After a further 
interval, 1 per cent. amethocaine was instilled into both eyes, and after another 
5 minutes the Schirmer test was repeated in a completely darkened: room. The 
object of this was to remove all reflex stimuli to tear secretion. 





Test 





Left 





Standard Schirmer (5 min.) 18 





Schirmer + Ammonia (1 min.) 20 








Schirmer + Amethocaine + Dark (5 min.) 54 








The result was so surprising that the investigation was repeated 16 days 
later. At the time of the first test the subject had complained that the left 
eye became blood-shot and watered more than the right, but there were 
now no subjective sensations in the eye. 





Test 








Standard Schirmer (5 min.) 





Schirmer + Ammonia (1 min.) 





Schirmer + Amethocaine + Dark (5 min.) 











Clinically, the patient had a left Horner’s syndrome, with the left pupil 
smaller than the right, although the ptosis was hardly noticeable. To 
confirm complete paresis of the cervical sympathetic, a sweating test using 
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Quinizarin powder slightly modified from Guttmann (1940, 1941, 1947) 
showed absence of sweating on the left side of the face and neck. 

The results of these tests are very unexpected, but seem capable of explana- 
tion by the phenomenon of sensitization. 

Philipeaux and Vulpian (1863) observed that, after section and degenera- 
tion of the hypoglossal nerve, stimulation of the chorda tympani going to 
the tongue caused vasodilatation, together with a peculiar slow and pro- 
longed contraction of the lingual muscles (the Vulpian effect). Normally, 
only vasodilatation is produced. This effect is thought to be due to the 
liberation of acetylcholine. Rogowicz (1885) found that, after section and 
degeneration of the facial nerve, stimulation of the cervical sympathetic 
caused not only a dilatation of the vessels of the gums and lips but also a 
contraction of the muscles of the upper lip. Langley (1901), studying the 
secretion of tears after the injection of adrenaline, noticed that tear pro- 
duction was markedly greater on the side where the superior cervical ganglion 
had been removed days previously. Pre-ganglionic sympathetic denervation 
of the nictitating membrane allows it to become gradually sensitized to 
adrenaline (Rosenblueth and Cannon, 1936), and section of the chorda 
tympani sensitizes the submaxillary gland to pilocarpine (Pierce and 
Gregersen, 1937). In a most interesting paper, Maes (1938) described the 
effects of various drugs on the lacrimal gland. Intravenous pilocarpine 
always gives a marked secretion, whereas adrenaline and acetylcholine give 
a definite increase only in very large doses. After unilateral removal of a 
superior cervical ganglion, the effect of drugs depends on the interval of time 
after the operation. Immediately afterwards, the effect is unaltered, but 
from 11 days up to 8 weeks after, all of these drugs cause a marked excess 
of tears; the results are variable, depending on the depth of anaesthesia. 
Removal of the adrenal medulla has no effect on this result. 

In the experiment of Maes the sympathectomy was post-ganglionic, and 
it may be wondered if these results are applicable to the subject of Observa- 
tions 2 and 4, in whom the sympathectomy was pre-ganglionic. However, 
a pre-ganglionic section allowed the nictitating membrane to become 
sensitized (Langley) and the chorda tympani section of Pierce and Gregersen 
was pre-ganglionic. 

In explanation of Observation 4, tested 13 and 29 days after a left-sided 
pre-ganglionic cervical sympathectomy, it is suggested that the ordinary 
Schirmer test provoking a reflex lacrimal secretion through secretion of 
acetylcholine at the VIIth nerve terminals shows an increased secretion on 
the left side owing to the sensitization of the gland. This is even more 
enhanced by the inhalation of ammonia. When the test was repeated in 
the dark and with the cornea and conjunctiva effectively anaesthetized, 
teflex lacrimation was abolished and there was presumably no secretion of 
acetylcholine; tear secretion was reduced on the side of the sympathectomy. 
If this reduction is significant, it is difficult to explain without concluding 
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that the sympathetic has some secreto-motor effect. It will be remembered 
that Maes and Langley found that adrenaline, albeit in large doses, caused 
a definite increase in lacrimation. It could be imagined that, secreteu by 
the sympathetic terminals and associated with a local vasospasm, a suffi- 
ciently high concentration could be built up in the lacrimal gland, a ievel 
equivalent to the doses of Maes and Langley who administered the drug 
intravenously. 


Observation 5.—A Schirmer test was performed in the usual way on a man, 
aged 39, who had recently had a right dacryocystorhinostomy. By means of a 
technique previously described (Whitwell, 1958), the facial secromotor fibres to 
both lacrimal glands were blocked with 2 per cent. Xylocaine. Into each con- 
junctival sac was instilled a drop of 0-25 per cent. amethocaine. After 5 minutes 
the Schirmer test was repeated. Two injections were then prepared: 

(1) 3 minims 1—1,000 adrenaline made up to 1 ml. with ‘“‘Wydase”’ (a stable preparation 

of hyaluronidase). 

(2) 3 minims normal saline made up to 1 ml. with ‘‘Wydase’’. 


A point was chosen just under the supra-orbital margin judged-to be in the 
middle of the lacrimal gland and an injection made into the substance of the 
gland, inserting the needle in three directions to divide the quantity of fluid as 
evenly as possible over the whole gland. The first injection was made into the 
left gland, and second into the right; 3 minutes later, Schirmer tests were repeated. 





| 
Eye 


Schirmer Test 





Left 





Initial test 17 





After VIIth nerve block 3 





After adrenaline injection to left gland 20 











Observation 6.—The above experiment was repeated on the subject of Observa- 
tions 2 and 4, about 6 months after his right and left cervical sympathectomies. 
The technique was identical to that described in Observation 5, except that the 
adrenaline injection was made into the right gland and the control injection into 
the left gland. The results are recorded below: 





Eye 
Schirmer Test (5 min.) 








Initial test 





After VIIth nerve block 





After adrenaline injection to right gland 
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Conclusion 

In deciding to use humans rather than animals for such a study as this, 
one often has to wait some time for patients that are both clinically and 
morally suitable; hence the small number of experiments. 

To summarize the results, the single observation on the cat suggests that 
the proximity of Harder’s gland to the nictitating membrane may well 
explain the diverse results found in the older literature on the subject, and 
the effects of general anaesthesia on tear secretion probably added to the 
confusion. However, the work on subject 1 and the effects of adrenaline 
injection into the denervated lacrimal gland show quite positive results, and 
one Schirmer test performed after cervical sympathectomy and blockage of 
ViIth nerve fibres showed no lacrimal secretion over a period of 5 minutes. 

It must be admitted that these investigations were started in order to show 
that the cervical sympathetic is of no significance in tear secretion; the 
results do not justify this early misconception, but confirm the opinion of 
Duke-Elder (1938) that the sympathetic is responsible for the general level 
of tear secretion and the facial nerve for reflex excess lacrimation. After 
denervation of the lacrimal gland (Whitwell, 1958), the sympathetic fibres 
accompanying the lacrimal artery are unharmed and would continue to 
provide a certain (albeit reduced) level of tear secretion, maintaining a 
comfortably moist eye. 


This work was done at the Institute of Ophthalmology and The London Hospital. The 
patients were under the care of Mr. A. Lister, who gave every help and encouragement. Mr. 
V. S. Elbogen patiently spent many hours in helping with the translation of the literature. 
Above all, I should like to thank the patients, who so stoically co-operated in the finest war- 
time tradition of the Whitechapel district. 
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NEUROBLASTOMA PRESENTING AS ECCHYMOSIS 
OF THE EYELIDS* 


BY 


D. J. WILSON 
Manchester 


WITH the exception of leukaemia, neuroblastoma sympatheticum is the most 
frequently occurring malignant neoplasm in infancy and childhood (Bodian 
and White, 1952). It is classified with neurological tumours, because it 
originates from tissue which gives rise to the adrenal medulla and portions 
of the sympathetic system. The most common single site is the adrenal 
medulla (Willis, 1960), but it can arise from sympathetic tissue anywhere in 
the body. 

The main histological features are numerous cells, like lymphocytes, with 
a scanty stroma, rosette formation, and neurofibrils. 

Metastasis takes place by both lymphatic and, especially, blood stream 
invasion. 

Hutchison (1907) drew attention to his “clinical syndrome”, describing 
seven cases of tumour of one or other adrenal with metastases in the bones 
of the skull. In two of his cases ecchymosis of the eyelids was the first 
physical sign. Bothman and Blankstein (1942), discussing the importance of 
ocular findings in neuroblastoma, reported four cases observed by them in 
1936-37. In one of these, ecchymosis of an eyelid was the presenting sign. 
Despite this, it is not generally realized that neuroblastoma not infrequently 
presents as ecchymosis of the eyelids, as in the following case. 


Case Report 


A female infant aged 10 months was brought by her parents to the Out-patients Depart- 
ment of the Royal Eye Hospital, Manchester, in February, 1959. It had been noticed 
5 weeks previously that the skin was black under the infant’s left lower eyelid. This was 
followed by a sub-conjunctival haemorrhage on the left side. The bruising increased in 
size for 2 weeks and then receded, but it had recurred, and for 2 weeks before the child’s 
attendance at the hospital the eye had been obviously proptosed. The child was also 
’ suffering from a “‘cold’’. There was no history of injury. She was very ill and was 
admitted to hospital for investigation. 

Examination.—On admission the temperature was 104-6°F., and the pulse and respira- 
tion rates were 145 and 28 per minute respectively. No abnormalities were found in the 
cardiovascular or respiratory systems. The liver was greatly enlarged and a nodule was 
palpable at its edge. 





* Received for publication September 13, 1960. 
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The blood count showed haemoglobin 7:7 g. per 100 ml. (52 per cent.), red blood cells 
3-46 million per cu. mm, colour index 0-76, white blood cells 25,800 per cu. mm. 

The differential count showed polymorphs 40 per cent., lymphocytes 56 per cent., 
mononuclears 4 per cent. Aniso- and poikilocytosis were rather marked and poly- 
chromasia was slight. The platelet count was not done. 

The patient’s condition rapidly deteriorated and she died within 48 hours of admission. 


Post mortem Examination.—A large tumour mass was found involving the right adrenal 
and right kidney. Secondary deposits were found in the liver, pancreas, and ribs. In 
the skull the ethmoid was largely replaced by a mass of haemorrhagic tumour which was 
soft and had eroded the bone. It had pushed itself up anterior to the pituitary fossa and 
extended laterally to include both optic nerves. On the left the tumour had extended 
across, or round, the cavernous sinus to the middle fossa and had invaded the lateral 
aspect of the left orbit. Although the tumour surrounded the optic nerve it had not 
invaded the eye. The histology of the tumour in the liver (Figure) was characteristic. 


FicurE.—Section of secondary deposit of the neuroblastoma in the liver, showing 
— arrangement of neuroblastoma cells with intervening fibrillary zones. 
x 180. 


Discussion 
In view of the history of ecchymosis as the first sign in this case, the 
records of the Manchester area were examined. It was found that 36 cases 


of neuroblastoma sympatheticum were included in the Children’s Tumour 
Register of the University of Manchester between September, 1953, and 
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September, 1958. Of these six had presented with ecchymosis of the cye- 
lids as the first sign, and in one of these cases bruising was the only sign for 
4 weeks (Steward, 1960). 

Leukaemia is the other important disease producing ecchymosis of the 
eyelids in childhood. Examination of blood and bone marrow should leave 
little doubt as to the correct diagnosis, for the haemorrhage in leukaemia, 
which results from a fall in the platelet count, occurs only when the white 
blood cell count is abnormal. Haemorrhage in neuroblastoma, on the other 
hand, is due to the local effects of the secondary tumour deposit and the 
blood picture is not characteristic. There may be an accompanying 
secondary anaemia, but the distribution of white blood cells in the peripheral 
blood is normal. The interpretation of the bone marrow findings in neuro- 
blastoma is not easy. 


Summary 


A case of neuroblastoma presenting as ecchymosis of the left lower eyelid 
and conjunctiva is reported. An attempt has been made to show that 
bruising of the eyelids is not an uncommon presenting sign in neuroblastoma 
and may, therefore, be of some importance as an aid to early diagnosis. 
Leukaemia may also present as bruising of the eyelids. The bone marrow 
findings and particularly the blood picture are of basic importance in 
differentiating one disease from the other. 


I wish to thank Mr. P. L. Blaxter for permission to publish this case. I am also very grateful 
to Dr. A. Stanworth and Dr. J. K. Steward for their advice and guidance in the preparation of 
this article, and I am indebted to Dr. Lindley Smith for the photomicrograph. 
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President: Prof. G. I. Scott 
Immediate Past-President: Mr. E. G. Mackie 


Vice-Presidents: Mr. J. E. M. Ayoub 
Mr. P. Jameson Evans 


Hon. Treasurer: Mr. G. T. Willoughby Cashell 
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COMMUNICATIONS 


THE DIAGNOSTIC VALUE OF BIOMICROSCOPY OF 
THE POSTERIOR PARTS OF THE EYE** 


BY 
H. GOLDMANN 


Berne 


I SHOULD like to thank you most cordially for the great honour you have 
done me in asking me to give the Montgomery lecture this year. Switzerland 
owes Ireland a deep debt of gratitude, because it was Irish monks who 
founded the first centres of learning in Switzerland. It is therefore an 
especially great honour for a Swiss to be allowed to come and lecture at 
your university. 

I have chosen this subject because the biomicroscopy of the eye, a recent 
offspring of morphology, has contributed greatly during the last few decades 
to ophthalmological diagnosis, while more recently the biomicroscopy of 
the posterior segment has increased our understanding of some of the most 
important and most serious ocular diseases, and promises even more useful 
results in the future. 

By biomicroscopy we understand, in ophthalmology, not only the micro- 
scopy of living tissues, but the method, developed by Gullstrand, of, examin- 
ing the transparent ocular media in the optical section of the focused intense 
beam of the slit lamp. This is a kind of ultra-microscopy with slight 
magnification. That we separate the biomicroscopy of the posterior parts 
of the eye, namely of the vitreous and the fundus, from that of the anterior 
parts is not an arbitrary distinction. The examination of the posterior 
parts of the eye requires, not only a slit lamp of high luminosity in which 
the axes of the microscope and the illuminating beam can form a very small 
angle, but also additional optical devices such as intermediate lenses or contact 
lenses. This is because the posterior parts of the eye can be observed with 
the microscope only when the refractive effect of the cornea is neutralized 
or when, by means of an additional convex lens, a real image of the ‘posterior 
parts is formed, which can then be seen in the microscope. We ourselves 
use two kinds of contact lens, which offer great advantages with few draw- 
backs. The advantages are good magnification, an appreciation of depth 
that corresponds well with the actual conditions, a good reproduction of 
the natural curvature of the fundus, and accessibility to the outermost 
periphery of the retina. The chief disadvantage is hat the lenses must be 
applied directly to the eye, a procedure not admissible in the case of recently 
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operated patients and practically impossible to perform successfully v. ith 
nervous or unruly children. In such cases we use the Hruby lens. 

We use two contact lenses: 

(1) To examine the central parts of the vitreous and the fundus we use a coniact 
lens with a flat anterior surface with no scleral rim and a funnel-shaped holder 
(Fig. 1a). 

(2) To examine the periphery of the fundus and vitreous we use a conical glass, 
containing three mirrors at various angles (Fig. 10, c). 


Fic. 1.—Contact lenses 
(a) For examination of central part of fundus. 
(b) and (c) Three-mirror glass seen from the side and from above. 


There are four particular applications of biomicroscopy about which I 


propose to speak: 
(1) Retinal detachment. 
(2) Intra-ocular tumours. 
(3) Choroiditis. 
(4) Examination of the papilla in cases of special theoretical or practical 
interest. 

(1) RETINAL DETACHMENT.—As an introduction to this subject I must 
discuss the normal vitreous, the structure of which can hardly be distin- 
guished histologically in the adult. With the slit lamp the anterior vitreous 
membrane may be seen at the periphery, but axially it is attached to the lens. 
Behind this anterior margin of the vitreous may be seen a folded membrane, 
the so-called membrana plicata, which (as Mann has shown) is nothing but 
the limiting membrane of Cloquet’s canal. It would be better to call this 
formation the primary vitreous. In the embryonic stage (Fig. 2, opposite) 
and in infancy it still forms a simple funnel which ends at the anterior 
vitreous membrane and runs straight backwards; in later life it hangs down 
and may be followed as an S-shaped structure through the whole vitreous 
as far as a point close to the papilla (Fig. 3, opposite). Especially clear is 
a narrow band which rises at about the middle of the vitreous and has led 
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Fic. 2.—Vitreous with Cloquet’s canal from 
an 18-mm. foetus (after Jokl). 


Fic. 3.—Diagram of course of Cloquet’s 

canal in the adult. 
some observers to think that there is a transverse membrane at the centre 
of this structure. In reality, however, this is only the narrow single or 
double band of the rising part of Cloquet’s canal. In normal juvenile eyes, 
various sheets of the ‘secondary vitreous—seen as bands in the cross- 
section—which scatter light to some extent are arranged around the primary 
vitreous (Fig. 4). At the embryonic stage there is no posterior vitreous 
membrane; this is formed after birth from submicroscopic elements lying 
one above the other. 


(a) (b) 
Fic. 4.—Vitreous structure around Cloquet’s canal in a 7-year-old boy. 
(a) Without contact lens. (6) With contact lens. 


In the course of life changes that are perceptible with the slit lamp occur 
in the jelly-like vitreous; in the above-mentioned bands, coarser fibres 


become visible and a process takes place which may be called fibrous 
destruction. Between the fibres cavities appear, and these are filled with a 
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viscous fluid, i.e. the jelly ceases to be of a homogeneous composit:on 
(Fig. 5). These cavities increase in size with age, and the fibres grow more 
numerous and coarser. The patient notices them as muscae volitaites 
(vitreous floaters). Flashes like lightning may be seen in the dark, and the 
day comes when a large musca is perceived in the temporal visual field. At 
this time a re-examination of the vitreous will give the typical picture of a 
posterior detachment of the vitreous (Fig. 6). 


Fic. 5.—Typical vitreous destruction Fic. 6.—Diagram of vitreous detachment 
with cavity formation and appearance with collapse (according to Hruby). 
of coarse fibres. 


Fig. 7 (opposite) shows how these vitreous changes develop with the 
passage of time. The vitreous detachment described (the vitreous detach- 
ment with collapse, Hruby), happens suddenly. In cases in which the vitre- 
ous had been examined beforehand, it was known that more or less large 
cavities had already existed before the sudden detachment, and afterwards 
these holes have almost completely disappeared, only a tangle of fibres 
remaining in the destroyed and collapsed v&treous. At the same time the 
fluid has left the vitreous and passed behind it. Sometimes one has the im- 
pression that the ring-shaped opacity that is so characteristic of vitreous 
detachment with collapse is also the opening through which the vitreous 
cavity has been emptied (Fig. 8, opposite) but I am not quite sure of this. 
However, it is certain that the process of vitreous detachment takes place 
rapidly, usually in a matter of minutes, or even of seconds, and rarely if 
ever in the course of an hour or more, and that considerable force is exerted 
in the process. 

If the patient with a fresh vitreous detachment (24 to 48 hours old) comes 
to the ophthalmologist, in many cases fresh retinal tears can be seen, mostly 
in the outermost periphery of the retina, and even vitreous haemorrhages. 
This process of fibrous destruction, leading to cavity-formation and finally 
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Fic. 7.—Age and vitreous changes. 


(b) 
Fic. 8.—Vitreous detachment with collapse, showing communication between the collapsed 
vitreous cavity and the retro-vitreal space. 
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to vitreous detachment with collapse is a normal ageing process, so tat 
only a few normal eyes over the age of 75 years have no vitreous detachm«nt. 
It also occurs prematurely in patients with medium and severe degrees of 
myopia, on an average 20 years earlier than in emmetropes. Excessive 
cavity-formation has even been seen in 6-year-old myopes. On examining 
the periphery of the fundus after vitreous detachment, one sees the collapsed 
vitreous below resting on the fundus and the membrane above running in 
most cases towards the ora serrata. 

In some cases, however, the vitreous adheres to the retina. These ad- 
hesions tend to occur at pathologically altered sites, at old choroiditic foci, 
in areas of cystic degeneration, and in areas where the peripheral vessels are 
obliterated (Gonin-Vogt lattice), but they also occur at sites that appear 
perfectly normal when magnified 10 to 20 times, especially in the region 
where the extra-ocular muscles (especially the superior obliques) are attached. 
The retinal tears. that may be seen shortly after a vitreous detachment are 
nearly all “‘horseshoe”’ tears with flaps torn away from the wall, or else they 
are round holes with lids which float in the vitreous cavity. The flaps, like 
the lids, lie upon the detached posterior vitreous membrane (Fig. 9). 


Fic. 9.—Diagram of horse-shoe tear 
of the retina. The flap adheres to 
the surface of the detached vitreous. 


So long as no retinal detachment has followed, it is impossible to decide 
whether the hole is superficial or whether it pierces the entire thickness of the 
retina. If the periphery of the fundus is examined with the three-mirror 
glass after each fresh vitreous detachment, an astonishing number of tears 
can be discovered. On the other hand, such tears do not often occur later 
at the sites of such adhesions, i.e. months or years after the vitreous detach- 
ment. I have observed only one example of this second type compared 
with many cases of the first type. This led me to the conclusion that ret- 
inal tears of the “‘horseshoe”’ type or the lid type leading to retinal detach- 
ment nearly always occur at the moment when the vitreous becomes 
detached. Days, weeks, and even months may pass before a tear results in 
a retinal detachment which gives rise to clinical symptoms. This raises the 
question whether it is possible to foretell where a tear will appear. Since 
the vitreous is certainly attached at sites of cystic degeneration and in 
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Gonin-Vogt lattice areas, these sites are endangered by a vitreous detach- 
ment. But these affected sites are not the only ones where tears may occur. 
We have seen cases without vitreous detachment but with suspect retinal 
areas; prophylactic coagulations of all these sites were performed. When 
vitreous detachment occurred afterwards, retinal tears appeared at seemingly 
normal sites and were followed by retinal detachment. 

The following case offers a most remarkable example: 

A woman had a total retinal detachment in the right eye, new holes constantly being 
formed which could not be closed in spite of repeated operations. A careful examination 
of the second eye showed much fibrous destruction and cavity-formation in the vitreous 
but no vitreous detachment. Above, there was a Gonin-Vogt lattice formation, but 
otherwise the periphery was completely normal. It was proposed to wait a few weeks 
and then to coagulate that spot, but in the meantime the patient reported that typical 
signs of a vitreous detachment had appeared in that eye. Examination with the three- 
mirror glass showed a collapsed vitreous detachment, and at the periphery there were 
seven retinal tears, of which only two small ones were at the site of the degeneration, the 
others being at places formerly regarded as above suspicion. At one of these sites a 
small retinal detachment had already begun, but after immediate coagulation of all the 
holes, the eye remained normal. 


It thus appears that peripheral retinal cysts, sites of cystic degeneration, 
and Gonin-Vogt lattices are places where retinal holes may occur in cases 
of vitreous detachment. But to coagulate these sites only will not neces- 
sarily prevent the development of a retinal detachment. If a vitreous 
detachment occurs afterwards, retinal holes may appear at quite unsuspected 
places. 

It is therefore most important, for the prophylaxis of retinal detachment 
in patients who come to an ophthalmologist on account of fresh vitreous 
detachment, to examine the periphery of the retina with the three-mirror 
glass, and to coagulate all retinal tears which can be discovered. If vitreous 
detachment has already occurred, the degenerate regions of the retina to 
which vitreous adheres may be coagulated. 

Besides the tears here described, which originate in connexion with vitreous 
detachment, there exist—less frequently—tretinal holes which are unrelated 
to vitreous adhesions. These are due to retinoschisis and its consequences, 
a process which is still rather obscure. To this group also belong certain 
incomplete layer-holes, which are not dangerous at all—the so-called 
“macular” holes and Weber’s holes. In a series of 44 cases not one of these 
so-called “‘macular” holes was followed by retinal detachment. In some 
cases a retinal detachment had been caused by a real tear in the macula, but 
there was nothing in the history to suggest the previous existence of a 
“macular” hole. These macular layer-holes frequently result from cystic 
oedema. With the slit lamp it is easy to differentiate between hole and 
cyst: with a cyst one sees the delicate anterior wall in the narrow intense 
beam of the slit lamp, but a hole has raised edges that bulge forward and 
no anterior wall can be seen. Eyes showing this change frequently have a 
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surprisingly good degree of visual acuity, and it is quite wrong to t::at 
them as a “prophylactic measure” with light coagulation of the fovea; «nis 
operation is not only unnecessary, but may even be harmful. There is 
nothing that needs to be prevented, and there is a risk of making the vis:on 
considerably worse. 

One vitreous change is especially prone to cause retinal detachmeni— 
ie. loss of vitreous during cataract extraction. In adults, however, this 
usually occurs only when, after a previous vitreous detachment, the posterior 
vitreous membrane becomes caught in the wound. This membrane later 
becomes taut and may cause retinal tears and detachments which are very 
difficult to treat (Fig. 10a,b). 


Fic. 10.—Diagram of vitreous incar- 
cerated in operation scar after catar- 
act extraction. 

(a) Posterior vitreous membrane not 
included in scar (6) included in scar. 
A=<Anterior vitreous membrane. 
P=Posterior vitreous membrane. 





Besides the form of vitreous detachment which is typical of myopia and old 
age (i.e. vitreous detachment with collapse, Fig. 11, opposite), there is another 
form which is more frequent in young people (i.e. detachment without 
collapse), but I do not propose to discuss the latter condition in the present 
paper. 

(2) INTRA-OCULAR TuMouRS.—To find no hole in a detached retina with- 
out inflammatory signs formerly posed a tricky question in diagnosis, as the 
condition might be due to idiopathic detachment or to a tumour of the 
choroid with secondary detachment. The possibility of examining the 
posterior parts of the eye with the slit lamp makes the differential diagnosis 
simple. An eye with a retinoschisis should never again be enucleated 
because of a suspected tumour, for any tumour is clearly visible behind the 
retinal detachment. 





BIOMICROSCOPY OF POSTERIOR SEGMENT 


Fic. 11.—Vitreous detachment without collapse 
(after Hruby). 


Yet intra-ocular tumours still offer diagnostic problems. From the stand- 
point of biomicroscopy, two groups of tumours may be distinguished: those 
accompanied only by retinal detachment, and those showing further retinal 
changes (cystic oedema, cloudiness of the retina lying on the tumour, or 
retinal haemorrhages). 


(1) The diagnosis of a malignant melanoma of the choroid is easily made if 
a compact, opaque tumour with a smooth surface is seen to be situated behind 
a more or less detached retina. If the tumour is transparent, cystic formations 
in the choroid must be excluded, but this is a very rare condition. 


(2) The second group is not uniform and therefore harder to differentiate. 
Slow-growing malignant melanomata of the choroid of fairly long standing may 
either produce haemorrhages or lead to a cystic oedema of the retina, especially 
if they lie at the posterior pole. Haemangiomata of the choroid, usually situated 
close to the papilla, soon lead to cystic retinal oedema. It is only by a lucky 
chance that dilated vessels are seen in such atumour. In metastatic carcinomata, 
mostly flat tumours, the retina over the tumour is more or less cloudy, so that 
the differential diagnosis from chorioretinitis must be considered; but in cases of 
choroidal metastasis the distinct prominence of the choroid does not correspond 
with the moderate retinal cloudiness and the absence of inflammatory change in 
the vitreous in front of the focus. 

If the history reveals a mammary carcinoma or a carcinoma of the bronchial 
tree, diagnosis is easy, but if such indications are lacking, diagnosis may be 
exceedingly difficult. In one case of this kind, the diagnosis was reached in the 
following way: 

A young man aged 34 years was sent to us with the diagnosis of a tubercular chorio- 
retinitis resistant to treatment. In the macular area a flat speckled prominence of the 
choroid was seen, and in front of it a cloudy and flat detached retina. There were no 
inflammatory cells in the vitreous. There was a history of haemoptysis. The suggested 
diagnosis was a suspected metastasis from a carcinoma, but general examination, 
especially of the thorax, revealed no signs of a primary tumour. Another possible 
diagnosis was an early malignant melanoma of the choroid. Since these tumours rarely 
react to x-ray treatment, whereas metastatic carcinomata of the breast and the bronchial 
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tree respond well, the eye was treated with 3,000r radiation. Within a short time the 
tumour disappeared and the visual acuity improved to 1:0. The diagnosis of a metast.:tic 
carcinoma from the bronchial tree was thus confirmed. A suspicious spot was tien 
found by bronchoscopy and 6 months later the patient died of carcinoma of the bronci.us, 

The differential diagnosis between malignant melanoma and haemangioma 
of the choroid still seems to be difficult and unsatisfactory, above all because 
we have to be absolutely certain before we exclude the suspicion of the 
former on account of its malignancy. In this field a great deal still remains 
to be done. 

(3) CHORIORETINITIS.—This condition may be accompanied by cells 
in the vitreous in front of the focus of inflammation, but every case of 
choroiditis does not inevitably lead to this cellular exudation. Biomicro- 
scopy shows that there is every possible gradation between a slight inflam- 
matory choroidal oedema not affecting the retina, and intense retinitis with 
pre-retinal pockets of exudate. The slight cases are the most interesting, 
though by no means slight from the patient’s point of view. It is especially 
in cases of slowly progressive serpiginous choroiditis at the posterior pole 
of the eye that the slit lamp reveals that they do not heal completely for 
months and that thickenings remain at the edges of the foci, even if the 
process appears to be healed when viewed with the ophthalmoscope. It is 
from these areas that the disease starts again after an interval of a few weeks; 
this is not a recurrence, but an advance after a temporary stationary phase 
(Fig. 12). An apparently healed focus of juxtapapillary chorioretinitis may 
show a precipitate-like granuloma (Fig. 12b,c); this may remain quiescent 
for months or even years, and may then break out again and lead to sub- 
sidiary foci. A great many cases of so-called “relapsed” choroiditis, and 
perhaps of anterior uveitis also, do not represent a fresh dissemination of 
antigen attaching itself again and again at a chosen site, but are reactivations 
of latent unhealed foci of inflammation. 


(b) (c) 
Fic. 12.—(a) Residual thickening of choroid ina 
case of seemingly healed choroiditis which re- 
a shortly afterwards, progressing from this 
ocus. 
(b) Precipitate-like granuloma inside a seemingly 
healed focus of choroiditis. 
(c) The focus in (6) when really healed. 
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Fig. 13 (a,b) shows that biomicroscopy may show uz ci that cannot 
be seen with the ophthalmoscope. In both eyes in this patient there were 
curious cystic formations in the retinal pigment-epithelium which had 
resulted in serous retinitis. Nothing but a retinal oedema could be detected 
with the ophthalmoscope, but with the slit lamp the retro-retinal cysts 
immediately became visible to the observer. In this case the condition was 
probably due to toxoplasmosis. 


Fic. 13.—Retro-retinal cystic formation 
covered by an oedematous retina which 

id be seen only with the slit lamp. 
(a) Retinography. 


Fic. 13(6) Slit-lamp picture. 


(4) PAPILLARY CHANGES.—One of the most important problems of 
glaucoma is the mechanism of glaucomatous excavation. Does the raised 
intra-ocular pressure push the lamina cribrosa out backwards, and do the 
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nerve fibres degenerate because they are thereby stretched across the sh :rp 
rim of the scleral canal? Or is nerve fibre degeneration with formatior of 
Schnabel’s caverns the first stage, and does the bulging outwards of the 
lamina cribrosa follow as a secondary phenomenon? 

The latter explanation would mean that the glaucomatous excavation is 
only an indirect result of the raised pressure, but the former would mean 
that the fibrillar degeneration is an immediate result of the raised pressure. 
Our histological material is extensive, but seldom comes from eyes that were 
not already blind as a result of absolute glaucoma, so that the findings give 
little help in solving the problem of early papillary changes. 

Biomicroscopy enables the distance between the lamina cribrosa and the 
retinal level at the edge of the papilla to be measured in normal eyes and also 
in glaucomatous eyes with typical excavation which still retain a fair degree 
of visual function. These measurements are the same in both groups and 
this indicates that the glaucomatous excavation is not due to pressure on the 
lamina cribrosa. The condition must therefore be caused by atrophy of the 
papillary nerve elements including the glia, which lays bare the scleral canal 
inside the lamina cribrosa. Where there is no well-developed scleral canal, 
no glaucomatous excavation can occur, as in cases of high myopia with 
extensive temporal or circular conus. In such cases simple atrophy 
develops instead of the glaucomatous excavation, and because the Schiétz 
tonometer shows low pressure values with bizarre visual field defects due to 
myopic fundus changes while glaucomatous excavation is lacking, the 
presence of simple glaucoma goes unrecognized. 

It is usually stated that simple glaucoma is very rare in high myopes and 
at the same time it is accepted that such patients not infrequently go blind 
through ‘“‘myopic degeneration” of the retina and optic nerve. This is not 
correct; the majority of those myopic eyes which become blind in old age 
do so because of unrecognized simple glaucoma. Our investigations seem 
to show that simple glaucoma is especially frequent in high myopes, but only 
systematic applanation tonometry will reveal the true disease. 


It has been my aim in this lecture to indicate how a number of problems 
in clinical ophthalmology may be elucidated by biomicroscopy of the 
posterior parts of the eye. This field of investigation has not yet been 
completely surveyed and there are still many possibilities for further study. 
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THE EYES IN SARCOIDOSIS* 


BY 


R. PITTS CRICK, CLIFFORD HOYLE, AanpD HUGH SMELLIE 
From the Eye Department and Medical Unit, King’s College Hospital, London 


THE importance of ocular lesions in sarcoidosis was not recognized until 
recently, although they have been known for much longer (Bloch, 1914; 
Mylius and Schiirmann, 1929; Schaumann, 1934). Most of the early 
literature was preoccupied with Heerfordt’s syndrome and Bruins Slot (1936) 
eventually identified this as a form of sarcoidosis. Osterberg (1939) made 
the first attempt to study how sarcoidosis affects the eyes, but he found only 
27 reports of it among 500 patients in the European literature to that time. 
Soon afterwards, however, Levitt (1941) collected 100 patients from recent 
literature, of whom 43 had had their eyes affected; 28 had uveitis and ten 
were blind. In the following years Woods and Guyton (1944) described 
uveitis in fifteen of 29 patients, Gifford and Krause (1949) reported ocular 

_Iesions in ten others, and Ricker and Clark (1949) and Longcope and 
Freiman (1952) recorded briefly the ocular findings in their series of patients 
with sarcoidosis, concluding that the eyes were more often affected in the 
Negro. It was evident from these American accounts that ocular sarcoidosis 
was an important part of the disease. 

Within the last decade treatment with corticosteroids has been shown to 
cause regression of the lesions of sarcoidosis, especially those of the eyes 
and lungs. The advent of effective treatment drew attention to the need 
for further study of the eyes so that early lesions may be recognized, their 
significance assessed} and indications for treatment defined. Crick gave a 
precursory review of our patients in 1955 and Ainslie and James (1956) and 
James (1959) reported the ocular findings in their series of 100 and 200 
patients respectively. The present paper is based on a detailed study of 
the eyes of 185 patients with sarcoidosis by the same group of observers 
using a standard examination technique. 


Patients Investigated and Methods 


The series includes all patients found to have ocular sarcoidosis at the ophthalmic 
clinics of one of us in the 5 years 1954 to 1958, those referred by colleagues during 
that time, and a few first seen many years ago. Most patients, however, attended 
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a medical clinic initially, between 1954 and 1958, for some other feature du: to 
sarcoidosis. With few exceptions the ophthalmic examinations were mad¢ to 
standard criteria so that subjective errors were reduced as far as possible. In- 
spection with the slit-lamp microscope was carried out at each visit. Rose beiigal 
and Schirmer’s tests for lacrimal secretion were frequently made: Schirmer’s test 
on a selected group of thirty patients, and both tests on control groups of subjects, 
The techniques were as follows: 


A drop of 1 per cent. rose bengal stain was instilled into each conjunctival sac and the 
conjunctiva and cornea were examined with the slit-lamp microscope for any staining of 
degenerate epithelial cells due to kerato-conjunctivitis sicca. Excess tears and stain were 
absorbed by cotton wool. Schirmer’s test was done after rose bengal staining by the 
usual technique. A strip of Whatman No. 41 filter paper, 5 mm. in width, was bent so 
that it hung over the lower lid and the opening of the punctum of the lower canaliculus, 
The length of the strip wetted by the pink tears was measured after five minutes. 


The degree of rose bengal staining was classified in four groups: nil, slight, 
moderate, and severe; only moderate and severe staining were regarded as 
significant. 

When conjunctival follicles could be identified by the slit-lamp microscope, a 
biopsy was taken as described by Crick, Hoyle, and Mather (1955): 


Three drops of 4 per cent. cocaine solution were instilled into the conjunctival sac at 
2-minute intervals. A small fold of fornix conjunctiva about 2 mm. long containing 
follicles was grasped with forceps and snipped off with one cut of the scissors. Usually 
this was painless, though occasionally a momentary prick was felt. A suture was un- 


necessary as there was little haemorrhage, at the most slight capillary oozing. Chlor- 
amphenicol ointment 1 per cent. was applied, but a dressing was not required and the 


site of the biopsy healed completely in a few days. Neither infection nor symblepharon 


occurred in our series of biopsies. The specimen was fixed in formol saline and fifty 
serial sections were cut and examined. 


Biopsies of a lacrimal gland were also taken on three occasions. 

All patients were investigated for sarcoidosis as recorded in previous papers 
(Hoyle, Dawson, and Mather, 1954, 1955; Mather, Dawson and Hoyle, 1955; 
Crick, Hoyle, and Mather, 1955; Smellie and Hoyle, 1957, 1960). The age and 
sex distribution and tuberculin sensitivity of these patients conformed to the usual 
pattern. All were Europeans; there were no Negroes. Most of them came from 
urban areas and none had been exposed to occupational hazard likely to confuse 
diagnosis. Whenever possible diagnosis was based upon the presence of epithe- 
lioid cell follicles in biopsied tissue taken usually from the liver, skin, lymph nodes, 
or conjunctiva. Histological support was found in 115 of the 185 patients. In 
the remaining seventy the diagnosis rested upon the presence of characteristic 
radiographic changes in the lungs, a low tuberculin sensitivity, and hypergamma- 
globulinaemia; a negative occupational history; the absence of M. tuberculosis 
from cultures of biopsy material, sputum, gastric washings, and urine; and also 
upon their failure to show a rapid or severe loss of health. These patients are 
included for comparison because the diagnosis was not in doubt and because 
their exclusion would have biased some of our evidence since they are probably 
a group with less florid sarcoidosis than those with lesions readily accessible to 


biopsy. 
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After investigation most patients have attended a special clinic regularly. With 
few exceptions, including three who died from progressive pulmonary sarcoidosis 
after a course of many years, they have all been observed to date. Treatment 
with topical corticosteroids consisted of cortisone, hydrocortisone, or prednisolone 
drops or ointment instilled from twice to four times daily. Subconjunctival 
injections were given occasionally. Systemic treatment was given orally, as 
cortisone, 100 to 150 mg., or prednisone, 20 to 40 mg., daily in divided doses. 
When the maximum effect was reached the daily amount was reduced gradually 
by steps of 25 mg. for cortisone and 5 mg. for prednisone. Usually we allowed 


an interval of several weeks between each successive reduction in dosage, aiming 
eventually at a minimal effective maintenance dose if treatment could not be dis- 


continued without relapse. Neither troublesome side-effects nor serious with- 
drawal symptoms were seen. The few patients with hypercalcaemia took a low 


calcium diet containing not more than 200 mg. daily. The effects of treatment 
were assessed weekly or more often when necessary, until progress was satis- 


factory. 


Results" 
Incidence of Ocular Sarcoidosis 
Surveying the records of 300 patients with sarcoidosis, Ricker and Clark 
(1949) found the eyes involved .in 9 per cent. although no special search was 
made. Longcope and Freiman (1952) reported 48 per cent. of their 124 
patients with the eyes affected and in Great Britain Crick (1955) found 33 per 
cent., Ainslie and James (1956) 28 per cent., and James (1959) 25 per cent. 


In the present series (Table I), where search was very thorough, the incidence 


was distinctly higher among the 115 patients with a positive biopsy, the eyes 
being affected in 73 (63 per cent.). Among the 49 patients with a negative 
biopsy, however, the incidence fell to eighteen (37 per cent.), a figure prob- 
ably reflecting a less severe and widespread form of the disease. Taking the 
series as a whole, 93 of 185 patients (50 per cent.) had some form of ocular 


disorder as part of their sarcoidosis. This high proportion we attribute to 
the recognition of kerato-conjunctivitis sicca and of uveitis by routine 


examination with the slit-lamp microscope. Eye symptoms were the 
presenting feature in 29 of the 185 (16 per cent.). 


TABLE I 
INCIDENCE OF OCULAR LESIONS IN 185 PATIENTS WITH SARCOIDOSIS 





‘a oe Ee ane | Patients with Ocular Lesions 
Clinical Sarcoidosis Patients 





No. Per cent. 





18 37 


Biopsy negative 
P 10 


Not biopsied 21 


Total 185 








93 50 


| 
Biopsy positive 1 ! 5 | 73 63 
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Clinical Forms of Ocular Sarcoidosis 


Table II (overleaf) shows the incidence of the various forms of ocular 
sarcoidosis and its associated lesions. 


UVEITIS 


This is the chief ocular lesion in sarcoidosis, being present in 46 of the 115 
patients (40 per cent.) in whom the diagnosis was confirmed by biopsy; and 
in fifteen of the seventy (21 per cent.) without histological confirmation, an 
overall incidence of 33 per cent. Conversely, the incidence of sarcoidosis 
in 653 patients with uveitis investigated recently at the Institute of Ophthal- 
mology was only 2:1 per cent. (Perkins, 1958). 


Anterior uveitis was found in 42 of the 46 patients with uveitis in whom 
sarcoidosis was confirmed histologically (Table II), and in 26 of them there 
was posterior uveitis as well. The condition may be acute or subacute and 
presents with the usual aching, photophobia, and watering of the affected 
eye, although these symptoms are less severe than would be expected from 
the degree of inflammation observed. Keratic precipitates are charac- 
teristically semitranslucent, often slightly pigmented and disposed irregularly 
in assorted sizes (Fig. 1, opposite). The inflammatory exudate may be con- 
siderable and may then cause acute secondary glaucoma. Occasionally even 
this condition may be present with surprisingly mild symptoms. Nodules of 
sarcoid tissue form on the iris in about a quarter of these patients (Fig. 2 
and Table II overleaf). Though suggestive of sarcoidosis, nodules are also 
not infrequent in non-specific uveitis. 


When resolution is delayed, posterior synechiae (Fig. 1) and fibrous scar- 
ring of nodules in the angle may lead to chronic secondary glaucoma which 
may require operation (Fig. 3). In the absence of intensive treatment, severe 
uveitis can lead to rapid disorganization of the eye (Fig. 4). Even lesser 
degrees, particularly when posterior synechiae have formed, predispose to 
cataract formation (Fig..3). 





Fic. 1.—Case A, male, aged 29, severe untreated sarcoid uveitis (Group 1) of 2 years’ duration. 
Numerous keratic precipitates, moderate rose bengal staining, and posterior synechiae. In 
addition he had generalized lymphadenopathy, including the hilar nodes, and diffuse pulmonary 
infiltration. A lymph node biopsy showed epithelioid cell follicles. 


Fic. 3.—Case C, female, aged 56, late results of sarcoid uveitis. Broad peripheral anterior 
synechiae. Iridectomy for secondary glaucoma. A secondary cataract has formed. 5 years 
before she had had bilateral hilar lymph node enlargement, pulmonary infiltration, and active 
anterior uveitis. 


Fic. 4.—Case D, male, aged 21, late severe untreated sarcoid uveitis. This patient lost his sight 
within a month of the onset of symptoms. He had massively enlarged hilar lymph nodes and 
some pulmonary infiltration at this time, with epithelioid cell follicles in a liver biopsy and a 
negative Mantoux reaction at 1/100. 
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Fic. 2.—Case B, female, aged 29, 
recent sarcoid uveitis with large iris 
nodules and keratic precipitates. She 
also had enlarged hilar lymph nodes 
and diffuse pulmonary infiltration, 
with a negative Mantoux reaction at 
1/100 although one of six cultures of 
gastric washings showed a growth of 


M. tuberculosis. 


TABLE II 


CLINICAL FORMS OF OCULAR AND- ASSOCIATED LESIONS IN 185 PATIENTS 
WITH SARCOIDOSIS 





Ocular Lesions 


In 73 of 115 Patients with 
Biopsy Confirmation 


In 20 of 70 Patients with- 
out Biopsy Confirmation 





Total 


46 (40 per cent.) 


15 (21 per cent.) 





Uveitis 





Anterior uveitis alone 
Anterior and posterior uveitis 
Posterior uveitis alone 
Nodular uveitis 
Glaucoma secondary to uveitis 
Secondary cataract 


16 
26 





Perivasculitis Retinae 





Conjunctival Follicles, i.e. with sarcoid histology in forty 
tested (9 inaccessible; 24 had no follicles) 


20 (31 per cent. 
of 64 acces- 
sible) 





Ocular Lesions due to 
Disturbance of Calcium 
Metabolism 


Total 








7 (6 per cent.) 





Corneal band opacity 
Conjunctival chalky deposits 





Lacrimal Gland Involve- 
ment 


Total 


48 (70 per cent. 
of 69 patients 
tested) 


10 (53 per cent. 
of 19 patients 
tested) 








Palpable swellin, sip? 
Kerato-conjunctivitis sicca 





Salivary Gland Enlargement (i.e. palpable parotid swelling) 


7 (6 per cent.) 


2 (3 per cent.) 





Facial Paisy 





7 (6 per cent.) 





0 
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Sarcoid anterior uveitis may be so insidious that it is discovered only on 
routine examination. This occult form is usually due to the mildness of 
the inflammatory changes at the time, but it can be a deceptive phase as a 
severe inflammation may follow. We have not seen iris nodules in the 
absence of cells or keratic precipitates. Of three patients with iris neo- 
plasms, referred because these were thought to be sarcoid nodules, two had 
no signs of inflammation while the third had a transient coincidental anterior 
uveitis. 


Posterior uveitis was seen in thirty of the 46 patients with uveitis in 
whom sarcoidosis was confirmed histologically. Evidence of former 
posterior uveitis alone was found in four (Table II). Posterior uveitis gives 
the usual symptoms of blurred sight and floating black specks in the field of 
vision and is seen as rounded white patches of choroido-retinal exudate 
(Fig. 5). When the inflammation is active, extension of the exudate into the 
adjacent vitreous humour surrounds them in a mist. More commonly the 
vitreous humour shows discrete fluffy “‘snow-ball” opacities (Fig. 6) mainly 
in the lower vitreous. Fibrosis transforms the lesions later into discrete 

‘white scars with retinal and choroidal pigment irregularly deposited in and 
around them (Fig. 7). 


RETINITIS 


The retina, though frequently sharing in the subjacent choroidal inflam- 
mation, may apparently be affected alone. One retinal lesion was observed 
to appear close to the macula as a blurred white patch with surrounding 
oedema (Fig. 6). The vision, though impaired, recovered gradually in the 
course of 2 months as the lesion subsided and finally disappeared. Round 
vitreous opacities are sometimes seen in the lower vitreous ‘where they may 
lie in relation to whitish superficial patches in the retina (Fig. 6 and Fig. 8). 
It seems likely that these opacities arise elsewhere than in the retina, probably 
in the ciliary body, and gravitate through the vitreous, causing lesions in 
the lower retina when they come into contact with it. 





Fic. 5.—Case A (same as Fig. 1), choroido-retinitis seen after resolution of massive vitreous 
haemorrhage. 

Fic. 6.—Case E, female, aged 20 (Case 7 in Table IV), active retinal lesion near the macula due 
to sarcoidosis, also vitreous “‘snow-ball” opacity and superficial retinal lesions in lower fundus. 
This patient had had a right facial palsy with the onset of symptoms of uveitis 2 months before, 
and was found to have enlarged hilar lymph nodes, a negative Mantoux reaction at 1/100, and 
epithelioid cell follicles in a liver biopsy. 

Fic. 7.—Case F, female, aged 47, widespread choroido-retinal scarring due to sarcoid uveitis of 
4 years’ known duration. She had had pulmonary sarcoidosis for 11 years, and had diffuse 
fibrosis when first seen, a negative Mantoux reaction at 1/100, and epithelioid cell follicles in a 
liver biopsy. 

Fic. 8.—Case G, female, aged 60 (Case 6 in Table IV), foci of retinal scarring in the lower part 
of the fundus in a woman with 5 months’ history of impaired vision, followed by uveo-dacryo- 
parotitis and sarcoidosis of the skin confirmed histologically. 
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PERIVASCULITIS RETINAE 


Patches of diffuse retinal exudate were seen in relation to slightly dilated 
retinal veins of varying calibre in one patient with sarcoidosis and uveitis 
since this series closed. The appearances resembled those illustrated by 
Ferguson and Paris (1958). Vitreous haemorrhage did not occur in this 
case and the exudates absorbed rapidly on treatment with systemic corti- 
costeroids. 

Perivasculitis retinae of the type seen in cases usually described as Eales’s 
disease was not encountered in any of the 185 patients reviewed in this 
paper. One patient with multiple foci of choroido-retinitis suffered a 
massive vitreous haemorrhage which gradually cleared revealing the picture 
shown in Fig. 5. It seems probable that the chance involvement of vessels 
in patches of choroido-retinal sarcoid inflammation, as was likely in this 
patient, has accounted for some of the appearances which have been ascribed 
to perivasculitis in the past (Walsh, 1939; Levitt, 1941; Dressler and Wagner, 
1941; Ainslie and James, 1956; James, 1959). During the present investiga- 
tion six patients with perivasculitis retinae have been seen. All had the 
typical perivascular cuffing with newly formed vessels in the periphery of 
the retina (Fig. 9, overleaf) and vitreous haemorrhage eventually. But none 
of them showed any evidence of sarcoidosis as the cause. 


LACRIMAL GLANDS AND KERATO-CONJUNCTIVITIS SICCA 


Palpable enlargement of the lacrimal glands was found in only one patient 
in the entire series, and here lacrimal biopsy showed sarcoid follicles (Fig. 10, 
overleaf ). 

One other patient whose lacrimal glands were not palpable also showed 
sarcoid follicles in a biopsy. Many patients complained at some time of 
dryness, soreness, and redness of the eyes due to kerato-conjunctivitis sicca. 
This results from tear deficiency causing hyaline degeneration of the epithelial 
cells of the conjunctiva and cornea, particularly where they are exposed in 
the palpebral aperture. The degenerate cells can be detected by slit-lamp 
microscopy after instilling a drop of 1 per cent. rose bengal solution, as they 
take up the dye whereas healthy epithelial cells do not (see Fig. 1 (Plate I) and 
Fig. 11 (Plate III). 

This evidence of kerato-conjunctivitis sicca was found in 48 of 69 patients 
with histologically confirmed sarcoidosis (70 per cent.) (Table III), and in 
58 of 88 tested (66 per cent.) in the whole series (Table II). Similar sig- 
nificant rose bengal staining from causes other than sarcoidosis was found 
in only 6 per cent. of fifty control subjects (Table III). This difference is even 
more striking if the mean ages of the sarcoid and control groups are taken 
into account: most control patients were in the fifth to eighth decade, and 
most of those with sarcoidosis in the third to sixth decade. As the inci- 
dence of kerato-conjunctivitis sicca increases with age, chance liability to 
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Fic. 9.—Case H, male, aged 23, perivasculitis retinae (Eales’s disease) with vascular cuffing, 
haemorrhages, exudates, and new-vessel formation, particularly in the periphery of the retina. 
No evidence of sarcoidosis, 


Fic. 10.—Case I, male, aged 32 (Case 2in Table IV), eeay’ ror lacrimal gland showing epithelioid 


cell follicles. (Haematoxylin andeosin x 150.) 
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it among the patients with sarcoidosis was probably less than the 6 per 


cent. of the controls. 
TABLE III 


INCIDENCE OF KERATO-CONJUNCTIVITIS SICCA IN SARCOIDOSIS 





es 69 Patients 50 Control Patients 
Rose Bengal Staining (with histologically confirmed (mainly with cataract, 
sarcoidosis) glaucoma, and squint) 





Nil 14 36 
Slight 7 11 











— ia}48 (70 per cent.) 3}3 (6 per cent.) 





The tear secretion of another group of thirty patients was measured by 
Schirmer’s test and correlated closely with the results of the rose bengal test. 
Thus an eye with a Schirmer test of less than 10 mm. showed severe rose 
bengal staining, if the measurement was 10 to 20 mm. the conjunctiva was 
moderately stained, and if it was more than 20 mm. there was no more than 
mild staining. Both tests revealed kerato-conjunctivitis sicca to be much 
commoner in sarcoidosis than has been hitherto supposed. No evidence 
was found in this series that its’presence was related to hepatic damage as 
judged by abnormal serum globulin values or raised turbidities. 


Uveo-PAROTITIS 
Longcope and Freiman (1952) comparatively recently entitled the section 


of their monograph on ocular sarcoidosis “Uveo-parotid Fever”. Though 
still the most memorable feature, uveo-parotitis (Heerfordt’s syndrome) is 
less important as a feature of sarcoidosis than the numerous reports of 
isolated examples suggest. Only thirteen of our 185 patients had evidence 
of it at any time (Table IV) and none of these showed the complete syndrome. 


TABLE IV 
UVEO-PAROTITIS IN THIRTEEN PATIENTS WITH SARCOIDOSIS 





Patient mS Lacrimal Kerato- _ Parotid 
N Uveitis Gland conjunctivitis Gland 
0. Swelling Sicca Swelling 


VII Nerve 
Palsy 





present 


moderate normal severe normal 
normal Fig. 10 


| 

normal present severe normal 

normal normal moderate present | normal 

severe normal not tested present present 

severe normal not tested present normal 

severe normal severe present normal Fig. 8 
severe normal moderate present present Fig. 6 
severe normal not tested normal present 

severe normal severe present normal 

severe normal severe normal present 

normal normal slight normal present 

slight normal not tested present normal 

severe normal moderate normal | present 


SCSONIDAUAS WN 
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As already mentioned palpable enlargement of the lacrimal glands was ire, 
Two patients combined with uveitis a facial palsy and parotid swelling, ‘our 
had uveitis and parotid swelling alone, and three others had uveitis and 
facial palsy without parotid swelling. Uveitis and defective tear secretion, 
though surprisingly absent on occasion, were the most uniform featiires, 
The uveitis (ten patients out of thirteen) was usually severe, as was kerato- 
conjunctivitis sicca in this group, and it was often persistent or recurrent. 
Facial palsy and parotid swelling were transient as a rule and did not 
recur. 

A characteristic feature of the syndrome was that it occurred at or near 
the onset of the disorder. It was the first evidence of sarcoidosis in twelve 
of the thirteen patients, all of whom came to be investigated because of 
symptoms due to it. The remaining patient had had erythema nodosum a 
few moaths before the onset of a facial palsy and uveitis. In keeping with 
this, the pulmonary lesions when present (ten out of thirteen) confirmed that 
the disorder was recent (Smellie and Hoyle, 1960); seven had hilar lymph 
node enlargement, three with pulmonary infiltration as well, and three had 
pulmonary infiltration alone. None of them showed any radiographic 
evidence of pulmonary fibrosis at the time, though five subsequently 
developed progressive pulmonary sarcoidosis with severe fibrosis, from 
which three have died and one other is a respiratory cripple. This incidence 
of five out of thirteen for progressive pulmonary sarcoidosis among our 
patients with uveo-parotitis contrasts with only six others in the rest of this 
series, i.e. six out of 172. 


CORNEAL AND CONJUNCTIVAL CALCIUM DEPosITS 


Seven patients, all with histological confirmation of their sarcoidosis, were 
found to have deposits of calcium salts beneath the corneal epithelium or 
in the conjunctiva. Four of them had both features, two others a band 
opacity, and one conjunctival deposits only. 

Band opacities were situated in the middle and lower zones of the cornea, 
being a little higher towards the limbus on either side. The opacities were 
not uniform, having small circular clear areas within them which gave an 
appearance like Gruyére cheese. They were also seen to be denser near the 
limbus, from which they were usually separated by a narrow zone of clear 
cornea. Acute calcification was observed in one patient who had at the 
time a serum calcium value of 14:7 mg. per cent. accompanied by photo- 
phobia, aching, and redness of the eyes. Both corneae showed fine close 
punctate fluorescein staining in the area of opacity, and beneath the dis- 
turbed epithelium a fine haze of white deposit was seen (Fig. 12, opposite), 
more marked near the corneo-scleral junction. The bulbar conjunctiva 
adjacent to the band opacities contained small translucent follicles with 
chalky granules in them. On treatment with a low calcium diet the 
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Fic. ap Sse _ J, —_ aged jar ee. parol ay 
opacity from hypercalcaemia (serum calcium 14-7 mg. 
per cent.) due to sarcoidosis. This led to aching pain Fic. 8 ay J. (same th 
and photophobia and the affected part of the cornea F t 12), after Pegg Be 4 
stained with fluorescein. This patient also, had bi- a hw Coe or e 
lateral hilar lymph node enlargement with pulmonary 2 1S edt grr soa m4 
infiltration, generalized lymphadenopathy, and renal sifics is residual marginal cal- 
calculi with albuminuria, casts, and a reduced urea cification. 

clearance. Biopsies of liver and a lymph node 

showed numerous epithelioid cell follicles. 


symptoms were soon relieved. The central parts of the corneal opacities 
cleared but the juxta-limbal parts remained. At the same time the bulbar 
conjunctival follicles subsided leaving, however, small flecks of chalk-like 
deposit which have persisted (Fig. 13). 


The other corneal band opacities (Fig. 14, see Plate III) have had a less 
dramatic onset and have been similar to those seen in degenerate corneae or 
in eyes with severe chronic uveitis in the absence of hypercalcaemia. Only 
one of the seven patients had severe chronic iridocyclitis of the type which 
predisposes to band opacities and three were entirely free of uveitis. 


All seven patients were known to have had sarcoidosis for more than 
3 years. Five of them had taken large doses of calciferol, three shortly 
before their ocular calcification was discovered on coming under our care 
for the resultant symptoms. Five were hypercalcaemic at this time. One 
other had a normal serum calcium with persistent band opacity and con- 
junctival calcification 4 years after receiving a short course of calciferol 
Which was discontinued because of toxic effects. None of the patients 
showed radiographic calcification in the kidneys, though two had renal 
calculi, six of the seven had evidence of renal damage, and four were 
uraemic. 
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CONJUNCTIVAL SARCOIDOSIS 

Isolated examples of conjunctival sarcoidosis have been reported in the 
literature. Our attention was drawn to it by a patient seen early in this series, 
who had large confluent follicles in the conjunctival fold of the lower fornix 
(Fig. 15). 


Fic. 15.—Case L, female, aged 62, large mass of conjunctival follicles in the left lower fornix. 
This patient had had uveitis 1 year previously, followed by cutaneous sarcoidosis and cervical 
lymphadenopathy, when she was also found to have hilar lymph node enlargement and pulmonary 
ee Biopsies of skin, a lymph node, and conjunctiva (see Fig. 16) showed epithelioid cell 
ollicles. 


They were the presenting feature of her illness and had the characteristic 
histology (Fig. 16). 


Fic. 16.—Case L (same as Fig. 15), conjunctival biopsy s owing numerous epithelioid cell follicles. 
(Haematoxylin and eosin x 100.) 
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Routine examination of patients with the slit-lamp microscope soon re- 
vealed the frequent presence of similar but smaller aggregations of follicles. 
It seemed that conjunctival biopsies might therefore provide a simple and 
rapid means of distinguishing uveitis due to sarcoidosis from other forms, 
and also of confirming a diagnosis of sarcoidosis when biopsies elsewhere 
failed to do so or could not be done (Crick, Hoyle, and Mather, 1955; Crick, 
1955, 1956). From some comments in the literature certain limitations of 
the method have not always been appreciated. James (1959) remarked 
that, in their original account, Crick, Hoyle, and Mather (1955) advocated 
blind conjunctival biopsy, but this is not so. They emphasized that it was 
always necessary to identify follicle-bearing conjunctiva (Fig. 17, see Plate 
III) with the slit-lamp microscope and to take this tissue only for histo- 
logical examination. Failure to observe this precaution renders the method 
valueless, as has been our experience in five patients with biopsy con- 
firmation from other sites. It is, of course, true that follicles of lymphoid 
tissue with germinal centres (Fig. 18), which are common in the conjunc- 
tiva, cannot with certainty be distinguished from true sarcoid follicles by 
their naked-eye appearance though the latter are often larger and tend to 
be less evenly distributed, with a characteristic disposition to the confluence 
of adjacent follicles. It has been suggested that a subconjunctival foreign 
body may lead to error by producing a local ‘sarcoid’ reaction similar 
to those found elsewhere from other causes, but this would not appear to 
present any practical difficulty. Elevations in the bulbar conjunctiva 
which are indistinguishable histologically from sarcoid tissue occur in acne 


rosacea. They were, however, limited to the bulbar conjunctiva in three 
patients investigated and we have not found them in the fornix conjunctiva. 
Conversely, true sarcoid follicles have not been found to be limited to the 


Fic. 18.—Lymphoid follicles in 
the conjunctiva. (Haematoxylin 
andeosin x 150.) 
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bulbar conjunctiva; all those confirmed histologically (Table V) were situa:ed 
in the lower fornix. 
TABLE V 


RESULTS OF CONJUNCTIVAL BIOPSY IN 79 PATIENTS WITH SARCOIDOSIS 
AND 48 CONTROLS 





Type of Case 


Number of 
Patients 


Number of 
Patients 
Available 

for Biopsy 


Number of 
Patients 
with Con- 
junctival 
Follicles 


Histological Sarcoidosis 
in Conjunctival Biopsy 





Sarcoidosis with histo- 
logical confirmation 
other than conjunc- 


80 


43 


16 (i.e. 20 per cent. of 
patients available _for 
biopsy; 37 per cent. of 


patients with conjunctival 


tival 
follicles) 





Sarcoidosis without 4 
histological confirma- 
tion other than con- 
junctival 





20 (i.e. 14 per cent. of 
patients available for 
biopsy; 25 ‘per cent of 
patients with conjunctival 
follicles) 


Total Number of 
Patients with Sar- 
coidosis 





48 48 48 0 











Control Patients 








Table V gives the results of 146 conjunctival biopsies; 48 of these were 
control biopsies taken mainly from patients attending the eye clinics for 
uveitis (other than sarcoid) or various conditions of the conjunctiva. All 


these control patients had negative biopsies. The other 98 biopsies were 
done on 79 patients with sarcoidosis. Of the 115 patients with biopsy- 
confirmed sarcoidosis, 111 were shown to have sarcoid histology in tissue 
other than the conjunctiva. Of these, 31 were not available for conjunctival 
biopsy. Of the remaining eighty patients, 43 showed conjunctival follicles; 
in 25 these were of typical appearance and in eighteen atypical. Sarcoid 
histology was found in conjunctival biopsies of sixteen, only two of these 
showing atypical follicles. Thus, in sarcoidosis confirmed otherwise by 
biopsy, conjunctival involvement was found in sixteen (20 per cent.) of the 
eighty patients biopsied or in 37 per cent. of those showing follicles. 

For various reasons, 46 of the 185 patients in the whole series were not 
able to have a conjunctival biopsy taken. Conjunctival follicles were 
present, however, in 79 of the remaining 139 patients; they were of typical 
appearance in 43 and atypical in 36. - Conjunctival biopsy showed sarcoid 
histology in twenty, only two of these having atypical follicles. In four 
patients conjunctival biopsy was the only histological confirmation of the 
disease. Thus, in all 139 patients with clinical sarcoidosis in this series who 
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were available for conjunctival biopsy, the result was positive in twenty 
(14 per cent.) of all patients biopsied and in 25 per cent. of those showing 
follicles. ‘When, however, the conjunctival follicles were judged to be of 
typical appearance, 42 per cent. of the biopsies showed sarcoid histology. 
Conjunctival biopsy is much more frequently positive in patients having 
biopsy confirmation from other tissues than in those in whom this is not 
the case. Probably this reflects a difference in the degree of generalization 
of the disorder similar to the respective incidences of kerato-conjunctivitis 
sicca and of uveitis among patients with and without confirmation of their 
sarcoidosis histologically. 

Phlyctenular conjunctivitis, recorded by some authors, has not been seen 
in our patients. We also failed to find any close concurrence between the 
three main ocular lesions—uveitis, kerato-conjunctivitis sicca, and con- 
junctival follicles. 


Course and Treatment 


The chief problem in treatment is the management of the uveitis which is 
responsible for most of the symptoms and is the main danger to the eyes in 
sarcoidosis. ‘This requires at least local treatment by corticosteroid drops or 
ointment as well as routine mydriatics; and in addition it has to be decided 
whether systemic corticosteroids are essential to prevent complications and 
serious loss of vision. Most of the literature has been concerned with these 
problems only in individual patients, though there are a few papers dealing 


with small groups (Ainslie and James, 1956; James and Thomson, 1959; 
James, 1959). 

The effects of treatment were observed systematically in 35 of our 46 
patients with uveitis in whom sarcoidosis was confirmed histologically. 
Because of the potential dangers we rejected the opportunity of a strictly- 
controlled trial of their treatment. Instead, we selected treatment for each 
patient initially according to criteria which at the time seemed likely to 
decide the probable outcome: the most important of these were the severity, 
extent, and duration of the uveitis when first seen. In this way three groups 
were defined : 

(1) Patients seen in the pre-corticosteroid era and also those treated with 
mydriatics before they were referred to our care. They were treated initially by 
local mydriatics only. 

(2) Those in Group 1 whose uveitis failed to improve or deteriorated and also 
those seen initially with mild or moderate anterior uveitis after corticosteroids 
were available. Patients in this group were treated with local corticosteroids as 
well as mydriatics. 

(3) Those in Group 2 who failed to improve and patients who had severe uveitis, 
especially when nodules were present and when the inflammation was generalized 
throughout the uveal tract. These were treated with systemic corticosteroids. 
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Table VI gives the results of treatment. In Group 1 uveitis imprc ved 
spontaneously while using mydriatics in eight of 23 patients, only fou~ of 
these eight achieving complete clearing and a quiet eye. Seven patienis in 
the group were left with persistent uveitis and in eight others the cond: ion 
deteriorated, all eventually needing either local or systemic corticosteroids. 

Thirteen of twenty patients whose uveitis was treated with local corti- 
costeroids (Group 2) were improved, though only five achieved complete 
clearing; in the rest the uveitis failed to respond, and in two it deteriorated. 

All twelve patients in Group 3 responded to systemic corticosteroids, four 
with complete resolution of the lesions and the remainder to the point where 
they were left with minimal changes. 

TABLE VI 
TREATMENT OF UVEITIS IN 35 PATIENTS WITH SARCOIDOSIS CONFIRMED 


HISTOLOGICALLY 





Group 


1 


3 





Treatment 


Mydriatics 


Local 
Corticosteroids 


Systemic 
Corticosteroids 





State of 
Uveitis 





Clear 
Improved 
Unchanged 
Worse 


5 
8 
5 
2 





Total 


23 


20 














Nodular uveitis in particular responds much more rapidly and more 
often to systemic than to local treatment with corticosteroids. One severe 
example in which local treatment failed is shown in Fig. 19; the iris nodules 
virtually disappeared within 3 weeks when systemic cortisone was given 
(Fig. 20). Three patients in whom the uveitis occurred before systemic 





Fic. 11.—Case E (same as Fig. 6), kerato-conjunctivitis sicca due to sarcoidosis, showing rose 
bengal staining of the conjunctiva. 

Fic. 14.—Case K, female, aged 45, corneal and conjunctival calcification due to hypercalcaemia 
(serum calcium 15:2 mg. per cent.) from sarcoidosis, 3 months after treatment with large doses 
of calciferol for one month. Blood pressure 190/110, blood urea 65 mg. per cent. 7 years 
previously she had been found to have generalized lymphadenopathy, and biopsy of a node had 
shown epithelioid cell follicles. The abdominal lymph nodes became massively enlarged and 
later splenomegaly and skin sarcoids were found. Two further lymph node biopsies taken 6 
and 7 years after the first one still showed active epithelioid cell follicles. This patient did not 
have uveitis. 

Fic. 17.—Case M, male, aged 23, sarcoid conjunctival follicles, typically confluent in the lower 
fornix and confirmed histologically. This patient also had recurrent uveitis, enlarged hilar 
lymph nodes, and pulmonary infiltration, a negative Mantoux reaction at 1/100, and epithelioid 
cell follicles in a liver biopsy. 

Fic. 19.—Case N, female, aged 25, nodular anterior uveitis before treatment with systemic 
cortisone. This patient was found to have bilateral hilar lymph node enlargement and pulmon- 
ary infiltration 8 months previously, followed 5 months later by bilateral uveitis. Liver and 
conjunctival biopsies showed numerous epithelioid cell follicles. 


Fic. 20.—Case N (same as Fig. 19), resolution of nodules 3 weeks after starting treatment with 
systemic cortisone. 
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corticosteroids were available were left with severe damage, including 
secondary glaucoma. 

A number of patients still require treatment with local or systemic corti- 
costeroids to suppress a mild uveitis which recurs if therapy is discontinued. 
It is, however, encouraging to find that visual acuity has been reduced below 
6/9 in either eye in only eleven of the 185 patients. Six of these eleven 
patients have had severe uveo-parotitis, two with subacute secondary 
glaucoma; one had a massive disorganizing uveitis; and one other developed 
chronic secondary glaucoma. All eleven were first treated in the precorti- 
costeroid era. One other patient (Figs 1 and 5) failed to attend for treat- 
ment for 6 months and sustained a vitreous haemorrhage, but this has since 
resolved during treatment with corticosteroids. The remaining two have 
had the sight of one eye reduced to 6/18 by general uveitic impairment. 
Three equally severe examples of uveo-parotitis have since responded well 
to early and prolonged treatment with systemic prednisone and vision has 
been maintained. 

Subacute and chronic uveitis are regarded by James (1959) as distinct 
from the prognostic point of view. Our experience with the 35 patients in 
whom the type and progress of anterior uveitis was followed does not 
support this claim. The onset was chronic in eleven and subacute in 24. 
Of the eleven with a chronic onset, six did well and one badly, while the 
uveitis in the other four, though much improved, tended to persist in a 
mild form. Of the 24 with a subacute onset, seven did well and seven 
badly. In the remaining ten patients, the uveitis improved greatly 
though slowly in four, the other six being left with a chronic mild 
uveitis. There is no justification for considering that subacute uveitis has a 
particularly favourable prognosis. The severity of the condition, whether 
subacute or chronic, and the adequacy of early treatment decide the outlook 
rather than the mode of onset. 

All seven patients who had calcium deposits in the cornea or conjunctiva 
were treated by low calcium diet and four who were uraemic were given 
systemic corticosteroids as well. Of the six patients with evidence of renal 
damage, this was limited in one to proteinuria, casts, and a reduced urea 
clearance, all of which improved rapidly on a low calcium diet with dis- 
appearance of the ocular calcification and hypercalcaemia in 6 weeks and 
no subsequent recurrence in the last 6 years. One other patient who had a 
persistent band opacity and corneal calcification 4 years after a short course 
of calciferol had severe renal failure and hypertension, but here the problem 
was complicated by long-standing diabetes to which the renal damage may 
have been partly attributable, though she is still alive 10 years after the 
discovery of her eye lesions which have been unaffected by prolonged treat- 
ment with topical cortisone. Of the other four patients with renal damage 
one had two calculi removed from the left kidney after attacks of renal 
colic, but she died subsequently from pulmonary fibrosis with cor pulmonale. 
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The other three recovered rapidly from their hypercalcaemia and ::nal 
failure when given a low calcium diet and systemic cortisone: in all of tem 
the ocular calcification resolved within a few months. Mather (1957) has 
already reported one of these patients in detail, with the results of calcium 
balance studies and a review of the literature. 

Compared with uveitis and the effects of hypercalcaemia, the other 
features of ocular sarcoidosis are less important and their treatment rarely 
calls for more than symptomatic measures. Discomfort from kerato- 
conjunctivitis sicca may be partially relieved by artificial tear drops (gelatin 
1 per cent., chlorbutol 0-8 per cent., Ringer Locke’s solution to 100 per 
cent.) until improvement occurs either spontaneously or during treatment 
with a corticosteroid. Seriously persistent kerato-conjunctivitis is rare from 
sarcoidosis and we have not found it necessary to use corticosteroid treat- 
ment for this alone. Florid conjunctival nodules occasionally require 
systemic corticosteroids if local applications fail. An example of their 
suppressive effect was seen in one patient who had a large conjunctival 
nodule (Fig. 15) which healed within a year when systemic cortisone was 
given after local cortisone injections and applications for 3 years had failed 


to do any permanent good. 


Discussion 
The eyes were found to be affected much more commonly in our patients 


with sarcoidosis than has been reported hitherto. The high figure of 63 per 


cent. for those confirmed histologically was due mainly to recognition of 
early uveitis and kerato-conjunctivitis sicca by routine inspection with the 
slit-lamp microscope, and this emphasizes the need for this examination as 
part of the search required to establish the extent of the disorder. Moreover, 
it places ocular sarcoidosis alongside hilar lymph node enlargement and 
pulmonary infiltration as one of the three commonest forms. The 
ocular condition more often causes symptoms than either hilar lymph 
node enlargement or pulmonary infiltration. Smellie and Hoyle (1960), 
reporting 125 patients with hilar lymph node and pulmonary sarcoidosis, 
found that the commonest complaints were due to coincident uveitis in 
eighteen of 41 cases with symptoms referable to sarcoidosis at the time it 
was discovered. 

The most frequent lesion, kerato-conjunctivitis sicca, was found about as 
often (70 per cent.) as hepatic follicles are found by biopsy (63 per cent.: 
Mather, Dawson, and Hoyle, 1955), indicating that the lacrimal glands and 
the liver are similarly involved by the disorder. Conjunctival sarcoidosis 
was less common, being present in 14 per cent. of the whole series and in 
25 per cent. of patients with conjunctival follicles. Conjunctival biopsy is, 
however, of value in that its affords a rapid and easy out-patient method of 
biopsy confirmation with a mir.imum of discomfort or preparation. Though 
it is only applicable to patients showing follicles, these were present in 
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57 per cent., and when they had the typical macroscopic appearance, which 
js seen in 31 per cent., histological confirmation of sarcoidosis was obtained 
in 42 per cent. of those examined. 

Uveitis was the principal feature among our patients. It was found in 
46 of 115 (40 per cent.) in whom the diagnosis was supported histologically. 
Although its appearance is not diagnostic, sarcoid uveitis shows two features 
which may point to this aetiology: the presence of nodules in a minority 
(12 in 46), and scattered small patches of exudate in a semicircular distribu- 
tion along the lower margin of the fundus as part of a posterior uveitis and 
retinitis (Fig. 6). _Nodules were once regarded as a frequent and distinctive 
feature of sarcoid uveitis (Blegvad, 1938; Levitt, 1941; Woods and Guyton, 
1944), an opinion based upon selective experience much of which related to 
Negroes. This was not found to be true of the present group of patients. 


Frequent reports of Heerfordt’s syndrome in isolation from any large 
series of patients with sarcoidosis have led to the belief that it is a cardinal 
part of the disorder. On the contrary its classical form is exceptional 
(thirteen in 185 patients), at any rate in Great Britain. Moreover, in all of 
our thirteen patients so affected, the syndrome was partial. The commonest 
combinations were uveitis with parotid gland enlargement (6 of 13) or kerato- 
conjunctivitis sicca (6 of 13), with one or other additional features in a 
minority (Table IV). As the high incidence of kerato-conjunctivitis sicca 
in our series as a whole shows that the lacrimal glands are commonly 
involved, the same may well apply to the salivary glands. Though occult 
forms of Heerfordt’s syndrome may be common, there is strong evidence 
that the classical form is always part of an exceptionally florid sarcoidosis. 
The uveitis occurs early in the course of the disorder, is severe as a rule 
(8 in 13), often becomes chronic or recurrent, and has a worse prognosis 
unless treated with systemic corticosteroids (6 in 11 with reduced visual 
acuity). Progressive pulmonary sarcoidosis is commoner also among these 
patients (5 in 13) than among others whose sarcoidosis is not complicated 
in this way (6 in 172). 

Perivasculitis retinae (Eales’s disease) has not infrequently been ascribed 
to sarcoidosis: Donders (1958) reviewed the subject very fully, reporting on 
100 examples followed at Utrecht since 1938. In this group there were only 
three with concurrent sarcoidosis. Ainslie and James (1956) and James 
(1959) have reported another. We have not seen the diffuse form, with its 
characteristic perivascular cuffing by exudate and leashes of new vessels in 
the periphery of the retina, in any of our patients with sarcoidosis, though 
one patient had mist-like patches of exudate near veins of varying calibre 
consistent with periphlebitis. It also seems likely that a vitreous haemor- . 
thage may occur when a focus of choroido-retinal inflammation happens to 
involve a vessel (Fig. 5). Six patients with diffuse perivasculitis, seen during 
the course of this study failed to show any evidence of sarcoidosis. We 
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regard diffuse perivasculitis as an entirely separate disorder and unrelat: 1 to 
sarcoidosis. 


Ocular sarcoidosis differs in its course from the pulmonary form in one 
important respect which Smellie and Hoyle (1960) have recently pointed out. 
The difference is the liability for uveitis to persist or recur after enlarged 
hilar lymph nodes have regressed.or after infiltration in the lungs has become 
quiescent or has cleared radiographically. Such lesions frequently remit 
spontaneously within 2 years. After that they are unlikely to do so and the 
duration of the active sarcoid process is then often much longer. In keeping, 
hilar node enlargement and pulmonary infitration which resolves sponta- 
neously within 2 years of discovery are not found to recur. In both groups, 
however, uveitis is liable to relapse after spontaneous improvement. 


Although anterior uveitis due to sarcoidosis may improve spontaneously, 
only four of 23 patients treated expectantly with mydriatics (Group 1) 
achieved complete. clearing. Topical treatment with corticosteroids in 
Group 2 was equally disappointing, only five out of twenty achieving resolu- 
tion. It had no effect upon posterior uveitis, and one patient in this series 
went totally blind within a few weeks of the onset of symptoms. Unfortu- 
nately, there was no opportunity of using systemic corticosteroids until both 
eyes were severely damaged, and from then onwards treatment was in- 
effective. It is likely that immediate use of full doses of systemic corti- 
costeroids in these severe examples will prevent such catastrophes. Judging 
from the results in Group 3, which included all the severest examples as 
well as failures from Groups 1 and 2, this is the safest and most effective 
treatment for most patients with sarcoid uveitis. Although the condition 
of the eyes at the time is the chief concern, one other factor also needs to 
be taken into account. This is the risk of chronic uveitis to patients with 
uveo-parotitis or with extensive, severe, or chronic sarcoid lesions elsewhere. 
If this is given due weight the strength of the case for using systemic corti- 
costeroids for many patients with sarcoid uveitis becomes even more 
impressive. 


Summary 


185 patients with sarcoidosis have been studied to determine the ways in 
which the eyes are affected. There was some ocular abnormality in 73 of 
115 (63 per cent.) where the diagnosis was histologically supported. CKerato- 
conjunctivitis sicca (48 in 69) and uveitis (46 in 73) were the main ones and 
conjunctival sarcoidosis less commonly (20 in 64). Conjunctival biopsy is 
a ready and useful source of support for a diagnosis of sarcoidosis when 
follicle-bearing conjunctiva is present. 

Uveal sarcoidosis is an early feature of the disorder and the commonest 
cause of symptoms at this time. It is prone to relapse, even when hilar 
lymph node and pulmonary sarcoidosis have cleared radiographically and 
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do not recur. Nodular uveitis (12 in 46) is infrequent. Classical uveo- 
parotitis (Heerfordt’s syndrome) is rare in sarcoidosis (13 in 185) and is as 
a rule partial when it does occur. It is usually associated with a severe 
uveitis and with a pulmonary infiltration which leads to fibrosis more often 
(5 in 13) than in patients in whom it does not occur (6 in 172). Diffuse 
perivasculitis retinae was not seen in this series, and six patients with peri- 
yasculitis did not have any evidence of sarcoidosis. 

The course and treatment of ocular sarcoidosis including uveitis in 35 
patients, are reviewed. Treatment of the uveitis with mydriatics alone is 
not justified. Topical corticosteroids are effective in only a minority, 
though useful to suppress residual chronic inflammation. Systemic corti- 
costeroids are therefore often needed and are essential for severe pro- 
gressive anterior uveitis and for posterior uveitis of any degree. Although 
a low calcium diet may be effective for hypercalcaemia with corneal or 
conjunctival calcium deposits, systemic corticosteroids are needed when 
there is renal damage. 


We wish to thank Mr. L. H. Savin and the many other colleagues who have helped this investi- 
gation by referring patients or in other ways, especially Prof. H. A. Magnus, Dr. B. S. Cardell, 
and Dr. M. E. A. Powell for the histology. We are indebted to Mr. E. R. Alexander for many 
of the illustrations, and to Mr. W. Smith and Mr. G. Harwood for the photomicrographs. We 
are grateful also to the Research Committee of King’s College Hospital for a grant to one of us 
(C. H.) for secretarial expenses and to Mr. A. J. Shrosbery and Dr. Maurice Davidson, F.R.C.P., 
for their generous gifts towards the cost of the coloured illustrations. 
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PREVENTION OF EXPERIMENTAL OCULAR 
HYPERTENSION WITH POLYPHLORETIN PHOSPHA‘E* 


BY 


D. F. COLE 
M.R.C. Ophthalmological Research Unit, Institute of Ophthalmology, University of London 


IT is well established that certain chemical or mechanical injuries to the 
blood—aqueous barrier are frequently followed by the formation of a protein- 
rich aqueous humour and an increase in intra-ocular pressure (I.0.P.). It 
seems likely that in both cases the rate of aqueous formation is increased 
and that the capillaries of the anterior uvea and the ciliary epithelium 
become more permeable to proteins. In particular, damage of this kind is 
produced by rapid reduction of the I.0.P., as in paracentesis (Seidel, 1918; 
Franceschetti and Wieland, 1928; Poos, 1931; Rohen, 1953), or by the 
local administration of an irritant such as mustine (Davson and Quilliam, 
1947; Davson and Matchett, 1953; Davson, 1956). 

More recently it has been shown that the permeability of serous membranes 
and of capillaries may be reduced by administering polyphloretin phosphate 
(PPP) (Fries, 1956, 1960), a synthetic anti-hyaluronidase of high molecular 
weight (M.W.=15,000) (Diczfalusy, Ferno, Fex, Hégberg, Linderot, and 
Rosenberg, 1953). This substance also diminishes the formation of serous 
exudates (Fries, 1956). It seemed probable that PPP would exert a similar 
action in eyes in which the blood—aqueous barrier had been rendered more 
permeable by injury and thus prevent or reduce the rise in I.O.P. which 
would otherwise occur. 

In the present series of experiments, both paracentesis and mustine hydro- 
chloride were used to induce damage of the blood—aqueous barrier in order 
that the effectiveness of PPP might be assessed. 


Experiments using the Schiétz Tonometer 


Pairs of rabbits were anaesthetized with urethane, 1-75 g./kg. body weight, 
administered intravenously. One animal from each pair was then given 
100 mg. PPP intravenously in 10 ml. isotonic saline, whilst the other received 
a control injection of 10 ml. isotonic saline. Some 10 to 20 minutes later 
one eye of each rabbit was treated with mustine hydrochloride (0-2 per cent. 
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in isotonic saline) instilled into the conjunctival sac, the contralateral eye in 
each case serving as a control. Readings with the tonometer (5-5 g. wt.) 
were made on both eyes at fairly frequent intervals from 30 minutes before 
until 30 minutes after instilling the mustine HCI. At the end of the experiment 
both animals were killed and the aqueous removed for examination. Each 
eye was then connected to a saline reservoir and manometer by means of 
polythene tubing and a No. 15 hypodermic needle inserted into the anterior 
chamber along the track of the needle used to remove the aqueous. By 
altering the height of the reservoir above the eye, the Schiétz tonometer was 
calibrated for known values of intra-ocular pressure, a stopcock between 
the eye and the reservoir being closed whilst tonometer readings were taken. 
The aqueous was tested for protein with 5 per cent. trichloro-acetic acid. 


In other animals mustine HCI was instilled into the conjunctival sac some 
20 minutes before administering the PPP in order to determine whether this 
treatment would depress an already increased I.O.P. 


Direct Recording of I.0.P. 


Animals were anaesthetized with urethane as before and a polythene 
cannula for recording the arterial blood pressure tied in the femoral artery. 
A fine cannula, through which PPP solution could be infused, was inserted 
into one lingual artery (Cole, 1959). The rabbit was turned back upper- 
most and its head supported on a chin rest some 2 inches above the level of 


the table. The I.O.P. in both eyes was measured by means of two pressure 
transducers (Model 267B Sanborn Co., Inc., Waltham, Mass., U.S.A.) con- 
nected with the aqueous in the anterior chamber by fine polythene tubing 
containing heparinized saline (1,000 I.U. per 100 ml.) and terminating in 
No. 27 hypodermic needles. Before insertion through the cornea each 
needle was carefully positioned so as to ensure the least possible traction 
upon the eye. A pressure reservoir, also containing heparinized saline, 
connected to both the transducer and the intra-ocular needle was raised to 
18-20 mm. Hg and the saline was allowed to flow freely out through the 
needle. With the superior rectus muscle held firmly in fixation forceps the 
needle was then inserted through the margin of the cornea in the 12 o’clock 
position so as to lie in the anterior chamber with its bevel facing outwards. 
A tap connecting the intra-ocular needle with the pressure reservoir was 
closed and the I.0.P. recording commenced. A precisely similar operation 
was carried out upon the other eye and the blood-pressure cannula was 
connected to a third transducer by means of polythene tubing. 


The two I.O.P. transducers were connected with two Sanborn pre- 
amplifiers (Model 150-1100), and the blood-pressure transducer with a 
Sanborn Model 150-3000 pre-amplifier, and thence to three of the four 
channels of a Model 154-100B Sanborn Recorder. 
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Once steady records for blood and intra-ocular pressure had been obta: ied, 
PPP was infused at 0-4 mg/min. through the lingual artery cannula by n.zans 
of a motor-driven syringe. After some 10 to 15 minutes of this infusion a 
few drops of 200 mg. per cent. mustine HCI in saline were instilled into cach 
eye and the recording was continued for a further 15 to 20 minutes. In 
some other animals mustine HCI was instilled before commencing the iatra- 
carotid infusion and the administration of PPP was not started unti! the 
I.0.P. had begun to rise. 

Paracentesis was simulated by an abrupt fall in I.O.P. which was brought 
about by lowering the reservoir on each side of zero pressure. The intra- 
ocular needle was then connected to this low pressure for some 2 minutes, 
after which the reservoir was disconnected and the J.0.P. was allowed to 
rise. It was thus possible to observe the recovery phase in both eyes, one 
of which was receiving a high concentration of PPP from the infusion 


through the lingual artery. 


Results 


The Table shows the changes in I.0.P., as measured with the Schidtz 
tonometer, in animals treated with mustine HCl and with PPP separately 
and with mustine HCl after PPP. The protein content of the aqueous is 
recorded semi-quantitatively over a range of — to +++. It may be seen 
that, whilst PPP alone has no significant action, it is effective in preventing 
the ocular hypertension caused by mustine HCl. The rapid increase in 
I.0.P. produced by mustine HCl in animals not receiving PPP is shown in 


Fig. 1 (opposite). 


TABLE 
CHANGES IN INTRA-OCULAR PRESSURE AFTER 





Time from Instillation of Mustine HCI (min.) -30 -20 -10 








Mustine HCl Only -0-1 +0-1 +0-2 +03 
+0°17 +0-10 +0-05 +017 


Administration | PPP Only -0-2 -0-2 +0-2 +02 
f +0-11 +0-09 +0°17 +0°14 











oO 
Mustine-HCl 
and Untreated -0:3 -0-3 +0-3 +0-4 
PPP +0°13 +0°12 +0:10 +011 














40:09 


Mustine HCI after PPP ~0:3 +0-2 +02 | 0-2 


+0-11 +0-11 +0:10 





Values indicate mean changes (+S.E.M.) from the average 
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TIME FROM INSTILLATION OF MUSTINE HCI. (MIN.) 
Fic. 1.—Mean changes in intra-ocular pressure measured with the Schiétz tonometer after the 
instillation of mustine hydrochloride at Time =0, in control animals and in animals pre-treated 
with 100 mg. polyphloretin phosphate intravenously. In all cases tonometer readings were 


calibrated against the actual intra-ocular pressure at the end of the experiment. Each point 
represents the mean from not less than six eyes. 


Two typical recordings of the I.0.P. are shown in Figs 2 and 3 (overleaf). 
In Fig. 2 the I.0.P. in both eyes was reduced to zero for 2 minutes in 
simulation of paracentesis and was then allowed to increase, the left eye 
being treated with PPP administered via the left lingual artery throughout 


ADMINISTRATION OF MUSTINE HCl AND PPP (mm. Hg) 





Protein Content of 
+5 +10 +20 +30 Aqueous Fluid 





+03 +2:0 +3-1 +5:2 +77 | +74 ++to+++ 
+0-11 +0-15 +0-23 +0°36 +041 +0-42 
-0-1 -1-1 -0-7 +03 +03 +1°5 -to+ 
+015 +0°47 +0-32 +0-21 +0-21 +089 
+03 -0°5 -0:3 +0°4 +1-2 +2:3 -to+ 
+0-15 +0-25 +0-31 +0°41 +0-67 +0-98 
+01 +0°9 -1:5 -0:7 -1°5 -1-4 +to+ 
+0-12 +0-43 +0-°74 +0-42 +0°77 +0-31 
































1.0,P. taken between -30 min. and 0 min. 
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the experiment. In this experiment the final pressure in the right (untrea‘ed) 
eye was 30 mm. Hg, as compared with 21 mm. Hg in the treated eye. 


te ea 


Left Eye 











Right Eye 


anancion AOE 


Imin 


A ng 





Fic. 2.—Recording of arterial blood pressure and intra-ocular pressure from 


both eyes, using the Sanborn Recorder. : : 
1 per cent. polyphloretin phosphate was administered continuously throughout 


the experiment via the left lingual artery. : 
At (A) both eyes were connected with a low pressure reservoir, abruptly re- 
ducing the intra-ocular pressure to 7 mm. Hg for 3 minutes. The formation of 
“secondary aqueous” was indicated by the rise in intra-ocular pressure in both 
eyes, and was more rapid on the untreated right side than on the left. The 
final pressure in the untreated right eye was 30 mm. Hg, as compared with 


21 mm. Hg in the treated left eye. 


Fig. 3 (opposite) shows the action of PPP, given via the left lingual artery as 


indicated at B, in limiting the rise in I.0.P. caused by the previous instillation 
of mustine HCl to both eyes at A. In this case the final pressure in the un- 


treated eye was 36 mm. Hg, as compared with 28 mm. Hg in the treated 
eye. In Figs 2 and 3 the upper tracing represents the arterial blood pressure. 
When the I.0.P. has been raised by treatment with mustine HCI, treat- 
ment with PPP reduces it to within the normal range over a period of 30 to 
40 minutes (Fig. 4, opposite). 
Discussion 
PPP caused no significant alteration in the blood-pressure recordings. 


Hence, when attempting to explain the action of PPP upon the I.O.P., the 
occurrence of changes in systemic B.P. may be discounted both in these 


experiments and in those in which the Schiétz tonometer was used. This 
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Fic. 3.—Recording of arterial blood pressure and intra-ocular pressure from both eyes, using 
the Sanborn Recorder. At (A) mustine hydrochloride, 1 mg./ml., was instilled into each eye, 
and, after the intra-ocular pressure had begun to rise, a 1 per cent. polyphloretin phosphate in- 
fusion was commenced via the left lingual artery (B). There was a gradual decline in the pres- 
sure in the left eye after starting the infusion of PPP, but the pressure in the right eye continued 
torise. The final pressure in the untreated right eye was 36 mm. Hg as compared with 28 mm. 
Hg in the treated left eye. 
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Fic. 4.—Changes in intra-ocular pressure, measured with the Schidtz tonometer after the instil- 
lation of mustine hydrochloride to the right eye at Time=0. 25 minutes later 100 mg. poly- 
phioretin phosphate was given intravenously, resulting in a marked decrease in intra-ocular 


Pressure in the right eye. The left eye was untreated throughout the experiment. 





488 D. F. COLE 


lack of effect on blood pressure is in keeping with other reports of the low 
toxicity of PPP (Fries, 1956; 1960). 

It is known that, after the blood-aqueous barrier has been damage:i by 
paracentesis, the anterior chamber becomes filled with fluid of high protein 
content, formed by exudation from the capillaries of the anterior uvea, 
notably those of the ciliary body (Seidel, 1918; Franceschetti and Wieiand, 
1928; Poos, 1931; Rohen, 1953). This increased capillary permeaoility 
facilitates the more rapid entry of fluid into the eye and also leads to the 
inflow channels becoming obstruc.ed by clot formation in the secondary 
aqueous humour (Zwiauer, Bornschein, and Deutsch, 1951). The doses of 
PPP used in the experiments described above are comparable with those 
which have been shown to prevent increased capillary permeability in 
response to trauma in other regions (Fries, 1960) and it seems highly probable 
that its present action was similar. In these experiments if the PPP treat- 
ment prevented exudation into the eye, obstruction of the drainage channels 
by fibrin would be precluded. 

The hypertensive action of mustine HCl is likewise dependent upon 
increased permeability of the blood—aqueous barrier (Davson and Huber, 
1950; Davson and Matchett, 1953) which the present results show to be 
effectively prevented by PPP (Fig. 1; Table). This again must be due to 
prevention of the increase of the permeability of the barrier, since aqueous 
from eyes treated with mustine HCl and PPP contained very much less 
protein than that from eyes treated with mustine HCI only (Table). When 
PPP was administered after the barrier had been damaged by mustine HC 
and the increase in I.0.P. had begun, this rise was arrested or reversed 
(Figs 3 and 4), a finding which indicates that the aqueous drainage remained 
adequate. PPP given alone did not lower the 1.0.P. in normal (untreated) 
eyes and there is, therefore, no reason to suppose that it increases facility 
of outflow or diminishes inflow unless the barrier is abnormally permeable. 

In vitro experiments have shown that the outflow resistance may be 
decreased by adding hyaluronic acid to the fluid perfusing the anterior 
chamber (Barany and Scotchbrook, 1954; Barany and Woodin, 1955; 
Francois, Rabaey, and Neetens, 1956), and in the present experiments one 
would have anticipated, by virtue of its anti-hyaluronidase activity, that 
PPP, if it had exerted any action at all on the outflow system, might have 
favoured a rise in I.0.P. There was no evidence of such an effect in either 
the damaged or the control eyes, possibly because the high molecular weight 
of PPP limits its rate of penetration from blood to aqueous. 

There is probably no simple relationship between the condition produced 
by paracentesis or mustine HCl and the protein exudation of anterior 
uveitis, and the findings of Bohringer (1957) indicate that the ability of the 
blood—aqueous barrier to secrete ascorbate was diminished by uveitis but 
not by paracentesis although massive exudation occurred in both conditions. 
Nevertheless, PPP may have some clinical application in limiting ocular 
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hypertension in so far as this is due to increased permeability of the blood- 
aqueous barrier. 


Summary 
The action of polyphloretin phosphate (PPP) upon the ocular hyper- 


tension caused by paracentesis and by mustine hydrochloride instilled into 
the conjunctival sac has been studied in rabbits: 

(1) PPP prevents or limits the rise in 1.0.P. which normally follows these 
procedures. 

(2) PPP reduces the raised I.0.P. caused by previous administration of 
mustine. 

(3) PPP prevents the rise in the protein concentration of the aqueous 


which is caused by mustine HCI. 
It appears that these effects are due to a reduction of the capillary 


permeability in the anterior uveal tract of the damaged eye. 


The author’s thanks are due to Sir Stewart Duke-Elder for advice and encouragement, to the 
National Council to Combat Blindness, Inc.,. New York City, for defraying the expense of the 
Sanborn pressure recording apparatus, and to’A. B. Leo, Halsingborg, Sweden, for a generous 
gift of polyphloretin phosphate. 
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OCULAR CHANGES OCCURRING DURING CARDIAC 
SURGERY UNDER PROFOUND HYPOTHERMIA 
AND OCCLUSION* 


BY 
ADRIAN LAMB 


Perth, Western Australia 


To carry out intra-cardiac operations under direct vision it is essential to 
occlude completely the cardiac inflow and thus to achieve a dry field for 


surgery. 
Until recently this has been done in two different ways: 


(1) HyporHeRMIA.—Cooling reduces body metabolism and therefore its 
oxygen requirements, and when a patient is cooled from the normal 37°C. 
to 30°C. it is possible to occlude the circulation for up to 6 to 7 minutes 
with safety. The method is limited by the fact that at temperatures of 25°- 
30°C. ventricular fibrillation or cardiac asystole is very liable to occur. 


(2) EXTRACORPOREAL CIRCULATION.—By this means the heart and lungs 
are bypassed completely by a pump oxygenator. This method is complex 
and difficult, and requires elaborate machinery and a large quantity of blood 
to prime the apparatus. Additional hazards are encountered when induced 
cardiac arrest is employed to make intra-cardiac surgery easier. 

In an endeavour to overcome these disadvantages, Drew and Anderson 
(1959) employed deep hypothermia down to 15°C., at which temperature 
they were able to occlude the circulation completely for up to 45 minutes 
without neurological damage. An extracorporeal circuit was employed to 
cool the blood and to assist the circulation when it failed as hypothermia 
deepened. 

The method of Drew and Anderson (1959) has been modified by Simpson, 
Gibson, and Bloomfield (1960), who achieve profound hypothermia in their 
patients by using a comparatively low flow bypass through a pump- 
oxygenator-heat-exchanger unit. Adequate circulation is maintained by 
the pump-oxygenator while cooling and re-warming are carried out, and 
complete circulatory arrest for up to 43 minutes has been safely achieved. 

The physiological responses of the body to such profound hypothermia 
and prolonged circulatory arrest are being closely investigated, but no work 
has so far been published on the ocular changes which occur. These ocular 
observations should be considered in relation to the wider physiological field 
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and may therefore be of assistance to those engaged in such work, but they 
may in themselves be of special interest to ophthalmologists. 

The ocular changes to be described are taken from our first fifteen patients 
to be operated upon for cardiac defects under profound hypothermia and 
occlusion, backed by observations and experiments carried out on dogs. 
The report is put forward at this early stage, first because certain physiological 
patterns of response have already become apparent, and secondly because 
the recording of these patterns may be of use to other workers. 


GENERAL TECHNIQUE 


Before describing and discussing the ocular changes it is necessary to delineate 
the major steps involved in the general procedure, in order that these changes can 
be related and assessed: 


(1) Premedications.—Atropine, Pethedine, Phenergan. 


(2) Anaesthesia.—Induction is by intravenous pentothal and relaxants, followed 
by maintenance on nitrous oxide and oxygen. 


(3) During Anaesthesia.—The chest is opened, venous and arterial cannulae are 
placed, and the patient is made ready for circulatory bypass cooling. This period 
of anaesthesia may last up to 2 hours and its influence on the pupillary reactions 
and intra-ocular pressure is reviewed later in this paper. 


(4) Bypass Cooling —When preparations are complete, a mechanical pump is 
turned on which circulates the blood through an oxygenator and cooling device, 
resulting in a gradual lowering of the body temperature to from 18° to 15°C. 
pharyngeal (12° to 10°C. mediastinal). This process takes from 15 to 20 minutes. 


(5) Occlusion—The pump is then stopped and the patients remain in complete 
circulatory arrest for 12 to 30 minutes (in one case for 43 minutes), during which 
period the cardiac surgery is performed. Anaesthesia and ventilation of the lungs 
are suspended until bypass re-warming is started. 


(6) Bypass Re-warming.—When the cardiac surgery is completed the pump is 
restarted. Using a warming device the body temperature gradually rises to reach 
normal in about 30 minutes. 


(7) The Heart.—During cooling, the heart beat becomes ineffective and often 
ventricular fibrillation occurs. At very low temperatures the heart is practically 
motionless—providing ideal conditions for surgery. Ventricular fibrillation may 
again occur on re-warming but electrical defibrillation is easily carried out when 
the temperature reaches about 30°C. 


OCULAR OBSERVATIONS 


In the following description, pharyngeal temperatures are used, as the 
recording thermometer is readily accessible and probably represents a level 
nearer to that of the eye than the much lower intra-thoracic temperature. 
Where indicated the thoracic temperature is noted in brackets. 
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The following ocular changes have been observed: 
THE Pupit (Fig. 1). 
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Fic. 1.—Case 4, recording of the behaviour of the normal pupil and of a pupil under miosis in ‘ 
relation to the body temperature and a period of occlusion. t 
The method of describing maximum mydriasis as 10/10 dilatation, the ‘ 
fraction decreasing to 1/10 for maximum miosis, has been used throughout. . 
Anaesthesia.—During this period the pupil has behaved according to P 
accepted expectations showing an average of 4/10 dilatation and being 
unaffected by the premedication. ‘ 
Bypass Cooling.—At the onset of bypass cooling the pupil remains static sl 
for 45 seconds and then rapidly dilates. It reaches 7/10 as the temperature 0 
falls until, at a pharyngeal reading of 17°C. (10°C.), the pupil is at 8/10 al 
dilatation. af 
01 
Occlusion.—At this temperature the bypass pump circulation is cut off Te 
and total circulatory arrest occurs. Immediately, there is a rapid dilatation of 
of the pupil from 8/10 to 9/10 and this dilatation continues throughout the be 
whole period of occlusion. During this period there is some fall in the th 
temperature, usually of about 1°, but the pupil does not alter. Wi 
the 
Bypass Re-warming.—The process of warming and oxygenating the patient du 
commences as soon as the bypass circulation pump is restarted. For 
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7 minutes the pupil is unaffected. During this period there is restoration 
of a mean blood pressure of from 50 to 70 mm. Hg, recovery of a degree of 
intra-ocular pressure, and a rise in pharyngeal temperature to about 20°C. 
At 7 minutes the pupil rapidly contracts during a period of 90 seconds to 
normal. This occurs fairly constantly at a pharyngeal temperature of 22°C. 
At about the same time the intra-ocular pressure is found to return to normal. 
Following the return to normal of the pupil at this temperature, it remains 
constant thereafter in spite of a rise in the body temperature which continues 
until the normal level is reached. In some cases, pupil reactions to light are 
found to occur when the body temperature rises to about 30°C., but this 
varies according to the depth of anaesthesia present at the moment. 


Unusual Pupil Reactions.—It has been observed on two occasions that, 
when the bypass pump is cut off after re-warming and the patient is returned 
to his normal circulation, there is a transitory rise in the size of the pupil. 
This rise lasts for only about 30 seconds whereupon the pupil reverts to 
normal. 


Defibrillation —When defibrillation is electrically induced the pupil shows 
a very slight transient enlargement starting one second after the cardiac 
electrical stimulus. In dogs this dilatation has been much more marked 
and a summation effect has been observed where repeated electrical applica- 
tions have been necessary. 


Autonomic Nervous System.—It has been assumed that, during the occlu- 
sion period of this operation, the autonomic nervous system is completely 
paralysed. For this reason, pupils have been subjected to the influence of 
pilocarpine and observations have been followed accordingly. 


Miotic Pupil_—in general, the pupil under miosis remains so throughout 
anaesthesia. As soon as bypass cooling is started, the miotic pupil increases 
slightly in size but to a very much less extent than the normal. At the onset 
of occlusion, there is a sharp rise in the dilatation of the pupil, which there- 
after decreases in diameter during occlusion. When the bypass is started 
again in the re-warming process, the miotic pupil rapidly descends to its 
original miotic state, this process occurring within 7 to 8 minutes. Having 
reached its miotic state, the pupil remains constant throughout the remainder 
of the bypass re-warming period and after the bypass re-warming pump has 
been stopped and normal circulation is re-established. It has been found 
that the behaviour of the pupil under the influence of miosis varies directly 
with the degree of miosis and the intensity of the miotic stimulus. Thus 
the miotic pupil induced before anaesthesia will dilate to some degree 
during occlusion (2 hours later), whereas little or no dilatation occurs if the 
pilocarpine is instilled only half an hour before occlusion. 
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THE INTRA-OCULAR PRESSURE 

Anaesthetic Influences.—Anaesthesia normally produces a reductior. in 
intra-ocular pressure. This is further affected by the use of relaxants ind 
under ordinary anaesthetic conditions the intra-ocular pressure may be 
expected to fall during the induction and maintenance of anaesthesia. 


Factors Influencing Intra-ocular Pressure.—The intra-ocular pressure of 
the human eye has formed the subject of a great deal of investigation for 
many years and the true nature of its maintenance is not yet fully uncer- 
stood. There are many factors involved, including the arterial blood 
pressure, the facility of outflow from the eye, the osmotic pressures, and 
various biochemical reactions which can occur in the eye. The subject is 
of immense importance in relation to glaucoma. It is thought that the 
blood pressure in the capillaries, particularly those involving the ciliary body, 
is of major importance, and it is suggested from this study that the intra- 
ocular blood volume may also be a factor requiring consideration. 


In the present series, this pressure has been studied carefully and the 
following observations have been made (Fig. 2). 
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Fic. 2.—Case 7, recording of the behaviour of the intra-ocular pressure in relation to the body 
temperature and a period of circulatory arrest. 


Anaesthesia.—During anaesthesia, the intra-ocular pressure in all 
patients has been found to be lower than the normal, varying between 18 
and 16mm. Hg. This conforms very well with our studies previously made 
in lytic cocktail anaesthesia. During anaesthesia there has been a slow 
fall of about 2 mm. Hg. 
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Bypass Cooling.—During bypass cooling the intra-ocular pressure has 
been fairly constant, showing only a very slight fall. 


Occlusion.—At the onset of occlusion, the intra-ocular pressure falls very 
rapidly to 4 mm. Hg, which is about the lowest recordable pressure. This 
has been accurately timed to occur within 16 seconds of the onset of occlu- 
sion. During the occlusion, the intra-ocular pressure has slightly declined. 


Bypass Re-warming.—The critical period of interest concerning intra- 
ocular pressure is at the onset of bypass re-warming where the arterial 
circulation is restored by artificial means. At this point the intra-ocular 
pressure is almost nil and it is felt that the sudden onset of a positive intra- 
ocular arterial pressure could exert considerable strain on the retinal 
arterioles and capillaries which are not supported by their normal ocular 
tension. 

All cases have been reviewed from this point of view and the most recent 
cases have been examined on a 5-second interval basis (Fig. 3). It appears 
that there is no response to the return of circulation for about 15 seconds, 
during which period the intra-ocular pressure remains almost nil. From 
15 seconds to one minute, the intra-ocular pressure recovers to about half 
its normal level. From this period onwards there is a slow rise to normal 
over a period of 9 minutes. It should be pointed out that there are certain 
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Fic. 3.—Relative recovery rate of the intra-ocular pressure and the blood pressure after the 
Testoration of circulation. 
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clinical fallacies in the estimation of this intra-ocular pressure. The repeated 
weight of the tonometer on the eye in itself tends to reduce the intra-ocular 
pressure, and this factor must be borne in mind when repeated readings are 
taken at 5-second intervals. In several cases, however, the eyes were used 
alternately and it would appear that this record may be reasonably accurate. 

During the period of re-warming, the intra-ocular pressure, having 
returned to 16-18 mm. Hg, remains at that level and is unaltered when the 
normal circulation is restored. At this time, of course, the intra-ocular 
pressure is again under the influence of anaesthesia. 

In dogs the insertion of cannulae into the anterior chamber has shown 
some recovery of intra-ocular pressure at 7 seconds with a rapid increase up 
to 35 seconds. Thereafter the recovery has been slow. 


Blood Pressure.—During occlusion the blood pressure is of course nil. 
Within 5 seconds of circulatory restoration the mean radial artery pressure 
reaches 50 mm. Hg, rising in about 2 minutes to 70 mm. Hg, and slowly 
thereafter to normal in 9 minutes (Fig. 3). 


FUNDUS CHANGES 


The fundus changes in occlusion have not previously been described. 
The following observations are based on all our cases which have been 
examined throughout the whole of the occlusion period and are supported 
by similar findings in dogs (Figs 4, 5, and 6). Colour photographs, using 
a portable fundus camera, have been taken during the period of circulatory 
arrest. At the onset of occlusion, there is an immediate pallor of the optic 
disc which is due to the collapse of the small disc capillaries. 


Fic. 4.—Normal dog fundus. Fic. 5.—Dog fundus 15 seconds after total 
occlusion of circulation at 15°C. 
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Fic. 6.—Dog fundus after 15 minutes of total occlusion at 15°C. 


Collapse of Arteries and Veins.—Within a few seconds, the arterioles and 
veins of the retina become flattened. 


Arterial and Venous Colour.—Within 3 to 4 minutes of occlusion the 
arteries and veins both become the same colour and there is obvious 
irregularity of the venous wall. 


Interruption of Arteries and Veins at the Disc.—After from 6 to 7 minutes 
the vessels leaving the disc become completely obliterated and are invisible 
at this point. This process becomes more noticeable later in the occlusion 


period. 
Fragmentation of the Blood Column.—This is the next event; it begins 


early towards the disc margin and extends throughout the fundus. It tends 
to become severe within about 12 minutes of occlusion. 


Loss of Fundal Colour.—Towards the 15th minute of occlusion, loss of the 
normal red reflex of the fundus becomes evident. 


Choroidal Pattern Visible-—Shortly after the fundal colour is lost, the 
choroidal vessels become visible and some mottling of the fundus occurs. 
This was less striking in the heavily pigmented fundus of a Eurasian patient. 


Pallor around the Disc-—Obvious changes in the fundus colour, particu- 
larly between the disc and the macula, occur within 15 to 17 minutes of 
occlusion. 


Peripheral pallor.—This has been observed within from 17 to 21 minutes 


of occlusion but is not a constant finding. 
32 
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Retinal Vessels Invisible, Marked Extension of Other Signs —Within ‘rom 
20 to 22 minutes of occlusion, the changes previously noted become nore 
marked and the retinal vessels become very difficult to see. The veir:s are 
still more prominent than the arteries, which in many cases are quite invisible. 


At this stage, the retina is becoming pale and mottled. The disc is deadly 
white and shows no vessels either arising from or entering it. 


Further Changes.—After 22 to 24 minutes of circulatory arrest, marked 
changes occur in the fundal picture. The fundus becomes gradually more 
mottled and pale, the vessels become extremely attenuated and in many cases 
quite invisible, the disc is very white and there is marked pallor in the disc. 


macular area, and the periphery is quite white. In some cases, the macula 
has presented a dull greenish hue surrounded by a dark-grey area. 


Bypass RE-WARMING 


On the return of arterial circulation through the bypass pump, there is 
immediate restoration of the intra-ocular circulation within 2 seconds. This 


has now been observed on many occasions and is most dramatic. Within 
2 seconds the face flushes and at the same time there is a rush of blood into 


the arterial retinal circulation, with immediate restoration of the calibre of 
the arteries and veins and of the general fundus colour. This occurs so 
quickly that it is not possible to note any time-lag between the restoration 


of arterial and venous calibre. During the period after the restoration of 
circulation, first by bypass pumping and then via normal cardiac circulation, 
no change has been evident in the fundal picture. In particular, haemor- 
rhage has been looked for but has not been seen, although subsequently 


found post-operatively. 


Arterial Spasm.—Transitory spasm has been observed in two cases 
immediately following restoration of circulation. 


_ POST-OPERATIVE CHANGES 


It has been considered clinically unwise to disturb these patients within 
24 hours of the operation, and the first fundal examinations are therefore 
carried out on the second day. 

Four cases have shown retinal transudates mainly near the macula and 
between the disc and the macula. One case, occluded for 31 minutes at 
17°C. (11°C.), showed three smal] haemorrhages. 

The transudates have been ill-defined and greyish at first, becoming whiter 
and more “cotton-wool” in appearance on the Sth or 6th day and then 
slowly regressing over a period of weeks. 

In the one case so far observed with haemorrhages, complete resolution 
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has taken place, and other cases which have shown post-operative petechial 
skin changes have not had retinal haemorrhages. 
No patient has suffered visual damage. 


Lacrimal Secretion.—Atropine premedication influences this study. The 
eyes remain moist during anaesthesia but become drier as the temperature 
falls. During circulatory arrest there is no secretion (Schirmer) and the 
cornea feels dry and “sticky” to touch. On re-circulation and re-warming, 
the tear production gradually returns but it has not yet been found possible 
to assess this accurately. 

Cornea—Hypothermia does not influence the corneal transparency. 
Some minutes after occlusion, however, a slow hazing of the epithelium has 


occurred in a few cases. 


Refraction—A change does occur in the refraction of the eye during 
these procedures. There is a quite marked increase in hypermetropia, up 


to +3 dioptres, which is presumably caused by the decrease in the antero- 
posterior axis of the eye due to the hypotension. 


DISCUSSION 
PUPILS 
The pupils behave basically according to expectation with the following 
exceptions :— 


(1) The rapid mydriasis which occurs when the bypass cooling system is 
introduced is not clearly explained. It has been suggested that there is a 
pupillary dilator mechanism, associated with blood loss and vessel con- 
striction (Davson, 1949). 

It seems more likely that the rapid mydriasis is due to a hypothalamic 
disturbance with a degree of I[Ird nerve nuclear paralysis, arising from the 
fact that when the bypass cooling system is turned on there is a large influx 
into the arterial system of blood which is at a markedly lower temperature 
than the patient’s blood. 

That the mydriasis is certainly central in origin is proved by the experi- 


ments with local miosis. 

(2) The miotic pupil obviously remains under the influence of the miotic 
during hypothermia and occlusion. This implies that the constrictor muscle 
of the pupil is still retaining some degree of tone. 

Two other pupillary reactions should be noted: 

(a) In dogs electrical defibrillation produces a markedly delayed (one 


second) pupillary enlargement with a slow return to normal. A second 
shock occurring during the active pupillary phase produces a summation 


resulting in maximum mydriasis with a slow—45 seconds—return to normal. 
(b) In man the pupil response is minimal. 
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The electrical stimulus may therefore be assumed to act relatively tc the 
body mass. 


INTRA-OCULAR PRESSURE 


Hypothermia per se does not produce a fall in intra-ocular pressure. 

Circulatory arrest results in profound hypotension but does not act 
immediately, the shortest time so far observed being 16 seconds. 

During occlusion the blood within the eye, both retinal and choroidal, 
gradually drains away, possibly into the larger venous channels, and this is 
accompanied by a further hypotensive response. 

When circulation is restored, the blood pressure immediately recovers to 
a meaii of 50 mm. Hg, but the intra-ocular pressure has not been found to 
start recovery for i5 seconds—in dogs 7 seconds (Fig. 5). 

Thereafter the increase in both blood and intra-ocular pressure bears a 
fairly close relationship which is not reflected in the body temperature 
increase. 


FUNDUS CHANGES 


The complete arrest of circulation in a human body almost ice-cold to 
touch (10°C. thoracic) is a dramatic event. The ancient concepts of life 
and death become very real. To place a hand on the cold forehead and 
look through the slightly misty cornea and wide, dilated pupil at the gradual 
death of the fundus is a strange experience. To give these changes a 
scientific explanation is not easy, but they fall under four main headings: 


(1) The sudden disappearance of arterial pressure (flow) results in the 
collapse of the smaller vessels with immediate disc pallor followed by a 
merging of the arterial and venous blood to a uniform bluish colour. 


(2) Gravitational drainage leads to fragmentation of the blood columns 
with collapse of the vessels where they cross the disc margin. 

(3) Gradual anoxic and hypotonic changes, characterized by loss of 
blood volume through the vessel walls, result in changes in the neighbouring 
tissues. 

(4) Further tissue deterioration occurs which can only be described as 
post mortem in type. 


During the present observations it has seemed evident that these changes 
occur in proportion to the degree of hypothermia in relation to the length 
of the occlusion. At present, with hypothermia of 16°C. (10°C), 
23 minutes of occlusion had not been followed by any post-operative fundus 
changes. Occlusion extended beyond this time may be expected to result 
in some degree of visible organic retinal damage post-operatively. 
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In view of the drainage of blood from the eye, therefore, and possibly 
from the brain during occlusion, it is suggested that it might be advisable to 
lower the head to lessen the degree of anoxia, but there may be objections 
to this on the grounds that increased venous congestion might lead to post- 
operative cerebral oedema. 

The gravitational drainage from the retina suggested that it might be wise 
to leave the large venous reservoirs of the body full. This was done in our 
most recent operation, in which the circulation was occluded for 43 minutes 
at 10°C. (thoracic). The retinal vessels remained much more full of blood 
than usual, the post-operative retinal changes were minimal and the patient 
progressed very well generally. 

The sudden restoration of blood pressure in the arterioles of the retina 
when the intra-ocular pressure is nil might possibly cause haemorrhage. 
On the other hand, this does not occur in the sudden reduction in intra- 
ocular pressure which takes place in operations involving the sudden opening 
of the eye such as cataract extraction, etc. 

It seems, therefore, that the pathological changes observed in these cases 
may be due not so much to the sudden_pressure rise in these vessels, but to 
the fact that they were not able to stand this rush of blood because of 
damage to their structure. The changes are very similar to those occurring 
in other retinopathies of metabolic origin in which the endothelial lining 
of the capillaries has been damaged. Arising from this it would seem that 
anoxia is the basic cause for these pathological changes. 


Should post-operative organic changes occur at the macula, then visual 
damage of a serious nature could occur which might prove irreversible. 

The possible effects of the hypothermia, anoxia, and electrolytic changes 
on the lens have been considered and investigations in that direction have 
been started. 

The similarity of the retinal and cerebral blood-supply has been kept in 
mind. The retinal arteries are essentially arterioles in that they have no 
muscular coat, and it has also been suggested that they have their own local 
blood pressure regulator mechanism. This should be remembered when 
the question of the retinal changes is considered in relation to possible con- 
current cerebral changes. In other words, it does not follow that, because 
retinal changes have been observed, cerebral damage must have occurred. 
This has been borne out clinically in our cases. 

The possibility of haematuria has been investigated because of the close 
anatomical similarity between the retinal arterioles and those of the renal 
glomeruli, but the results of these observations were negative. 

On the other hand, it should be realized that, should arterial or other 
retinal disease be present pre-operatively, then the question of operation in 
such cases might have to be carefully reviewed from the point of view of 
damage to the patient’s eyesight. So far the patients have been young, 
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and it is anticipated that the use of the present technique will be minly 


confined to young people. 

Nevertheless, its use may be extended in the future, and if this is so 110re 
elderly people may be subjected to this form of hypothermic occlusion 
operation. It is therefore very important that all patients who are to be 
treated by this procedure should have very careful ocular surveys both 
before and after operation. 


SUMMARY 


A new technique of profound hypothermia with total circulatory arrest 
for up to 43 minutes to facilitate intracardiac surgery is described. 

The first observations on the ocular changes are reported. 

Particular note is made of the behaviour of the pupil, ocular tension, 
fundus picture, cornea, and lacrimal secretion. The importance of post- 
operative fundus changes in relation to the possibility of brain and other 
tissue damage is discussed. 


I wish to express my thanks to Mr. J. A. Simpson and the members of the Cardiac and Thoracic 
Surgical Units of the Royal Perth Hospital and Princess Margaret Hospital and to Mr. R. 
Plummer, F.R.P.S., Head of Medical Photography, Public Health Department, Government of 
Western Australia. 
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MIXED GLAUCOMA* 


BY 


J. D. ABRAMS 
London 


DurING the past 20 years it has become widely accepted that primary 
glaucoma consists of two distinct conditions: chronic simple glaucoma and 
closed-angle glaucoma. The main features of these are well known and in 
their classical forms their early stages are quite different. Chronic simple 
glaucoma may present with.a history of visual field loss, perhaps affecting 
visual acuity, or the condition may be so slow and insidious that it may be 
discovered only by a routine tonometry or fundus examination. The 
history in closed-angle glaucoma is much more dramatic, the patient usually 
presenting with episodic mistiness, of vision in association with which there 
may be haloes and discomfort. Occasionally a full-blown attack of acute 
glaucoma may be the first episode. 

The cardinal signs of chronic simple glaucoma are a raised ocular tension, 
in spite of gonioscopically open angles, and progressive field loss in associa- 
tion with pathological cupping of the disc. 

In closed-angle glaucoma, the episodic nature of the condition may cause 
the patient to seek advice when the ocular tension is not raised and the 
collateral signs only may give the clue to the diagnosis. These are well 
known and hinge on the gonioscopic appearance of a narrow angle and 
other signs indicative of crowding in the anterior segment, viz. shallow 
anterior chamber and small corneal diameter in a hypermetropic eye. 

The course of the two conditions is also very different. In simple 
glaucoma control of the ocular tension (by whatever means) is felt by many 
to be no guarantee that the disease will cease to progress, although this may 
not be true of the earlier stages. On the other hand effective control of 
the ocular tension in closed-angle glaucoma is an effective guarantee that 
further visual damage will be prevented. 

From this simplified presentation it would seem surprising that the two 
types should ever be confused. Yet there is a considerable number of 
cases in which the history, signs, and course do not fit into either group, 
and it is the purpose of this paper to consider the overlap of the two con- 
ditions. Their co-existence is very uncommon and there are theoretical 
reasons for their mutual exclusiveness. 


a 





* Received for publication September 29, 1960. 
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A series of 47 patients out of 1,861 successive cases seen at the Glaucoma 
Clinic at the Institute of Ophthalmology, London, had each been diagr.osed 
as a case of “mixed glaucoma”. The various surgeons who have seen ‘hese 
cases have different views on what “mixed glaucoma” is, as will be seen 
from the analysis that follows, which was made in an effort to deterinine 
from the records whether there was conclusive evidence that any eye could 
be said to be affected by simple glaucoma and closed-angle glaucoma at 
the same time. The cases fall into five groups (Table I): 


TABLE I 
CLASSIFICATION OF 47 CASES 





No. of Cases Probable Diagnosis 





22 (Nos 1-22) Chronic simple glaucoma 

10 (Nos 23-32) Closed-angle glaucoma 
7 (Nos 33-39) Could be either type of primary glaucoma 
5 (Nos 40-44) Too doubtful for classification 














3 (Nos 45-47) Mixed glaucoma 











In the 22 cases allocated to Group 1, there were certain findings suggestive 
of mixed glaucoma. These are set out in Table II. 


TABLE II 
PROBABLE CHRONIC SIMPLE GLAUCOMA (Cases 1-22) 





Group 1 Findings Suggesting Mixed Glaucoma 





Cases 1-16 Narrow but open angles 





Cases 17-19 Haloes, high tension associated with narrow but open angles 





Case 20 Very doubtful history of haloes, narrow angle, cupped discs 





Case 21 Medium narrow angle, doubtfully positive dark-room test, cupped discs 





Case 22 Narrow angle, positive dark-room test, cupped disc 








Cases 17-19.—It is recognized that in chronic simple glaucoma haloes may be ex- 
perienced. Independently of the present series of cases, the writer found that, of 557 
successive patients with chronic simple glaucoma seen at the Glaucoma Clinic of the 
Institute of Ophthalmology, 54 had experienced haloes, and in 23 of them haloes were the 
presenting symptom. (Some of these were classifiable as “pigmentary glaucoma”, if 
this is a separate entity.) 


Case 20.—This patient had one blind eye due to thrombotic glaucoma. The eye in 
which mixed glaucoma was diagnosed had several pre-operative gonioscopies while on 
miotics and the angle was reported first as narrow but open and later as very narrow 
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with ‘considerable peripheral anterior synechiae probabiy”’. After an iridencleisis the 
angle was found to be wholly open with no peripheral anterior synechia. (In Case 17 the 
angle after miotics appeared narrower than before.) 


Cases 21 and 22.—A positive dark-room test in each of these cases suggested a mixed 
glaucoma. Unfortunately there is no record of gonioscopy at the time when the tension 
was provoked by the test. However, it is known that a positive dark-room test does 
occasionally occur in simple glaucoma though the mechanism is obscure. (See Case 32.) 


The findings suggestive of mixed glaucoma in the ten cases in Group 2 
are set out in Table III. 
TABLE III 
PROBABLE CLOSED-ANGLE GLAUCOMA (Cases 23-32) 





Group 2 Findings Suggesting Mixed Glaucoma 





Cases 23-26 Advanced cupping, mainly closed angles 





Case 27 Isolated raised ocular tension reading and slightly reduced outflow in fellow 
eye of case of acute glaucoma 





Case 28 Typical congestive history, disc cupping, and very narrow angles; degree of 
obstruction could not be gauged 





Case 30 Previous typical closed-angle glaucoma but superimposed aphakic element 





Case 31 Bilateral cupping, angles very narrow, extensive iridocorneal contact relieved 
by peripheral iridectomy 





Case 32 Possibly “‘angle shortening” 








Case 32.—A positive dark-room test suggested the closed-angle element but raised 
ocular tension was present with the angles ‘“‘open” and there was no history to support 
angle closure. The angle was described as peculiar in being mainly broad but with a 
very prominent arterial roll and the iris encroaching on the trabecula “from behind”’. 
This may have been simple glaucoma with a positive dark-room test, but, in retrospect, 
it would seem from the angle appearance that this might have been the “‘angle-shortening”’ 
type of closed-angle glaucoma described by Gorin (1960). 


The findings suggestive of mixed glaucoma in the seven cases in Group 3 
are set out in Table IV. 


TABLE IV 
COULD BE EITHER TYPE OF PRIMARY GLAUCOMA (Cases 33-39) 





Group 3 Findings Suggesting Mixed Glaucoma 





Cases 33-37 No congestive history, disc cupping, narrow angles (? closed); two had positive 
dark-room tests 





Case 38 Congestive history, disc cupping, narrow angle with normal ocular tension at 
time of examination 





Case 39 Congestive history in one eye, controlled by iridencleisis; other eye symptom- 
less with medium open angle and reduced outflow 
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Cases 33—37.—These cases illustrate the difficulties of estimating the degree of or; anic 
obstruction or closure of an extremely narrow angle. 


Case 39.—This may have been simple glaucoma in one eye and closed-angle glaucoma, 
pre-operatively, in the other. 

The findings suggestive of mixed glaucoma in the eight cases in Groups 4 
and 5 are set out in Tables V and VI. 


TABLE V 
TOO DOUBTFUL FOR CLASSIFICATION (Cases 40-44) 





Group 4 Reasons for Difficulty in Classification 





Cases 40, 41 Probably late juvenile glaucoma 





Case 42 Severe arteriosclerotic retinopathy confusing the field picture 





Cases 43, 44 Element of secondary glaucoma due to uveitis complicating clinical picture 








TABLE VI 
PROBABLE MIXED GLAUCOMA (Cases 45-47) 





Findings Suggesting Mixed Glaucoma 





Haloes years before but not recently, disc cupped, ocular tension just controlled 
with miotics; angle broad where open, 30 per cent. peripheral anterior 
synechiae elsewhere (only eye) 





Acute attack in one eye. Ocular tension not controlled by iridectomy alone. 
50 per cent. open angle, disc cupped with new vessels. Evidence of simple 
glaucoma in fellow eye 





Acute attack in one eye. Ocular tension reported as normalized by miotics; 
peripheral iridectomy later. Tension now controlled only by miotics in both 
eyes. Angles open all round (narrow in unoperated eye, medium in operated 
eye). Discs normal 








Case 45.—A closed-angle glaucoma had obviously existed at some time in this patient’s 
eye, but the broad remainder of the angle suggests that simple glaucoma was predominant 
at the time of examination. 


Case 46.—The eye affected by acute glaucoma had had symptoms for 3 months and 
it is therefore possible that the 50 per cent. open angle had trabecular damage. 


Discussion 
The above analysis points to the actual co-existence of chronic simple and 
closed-angle glaucoma as being very uncommon. It is impossible to give 
any accurate figures of the extent of the overlap of the two conditions for 
two reasons. First, some of the cases in Group 3 (in which either type of 


glaucoma could explain the picture) may, in fact have been cases of true 
mixed glaucoma. Secondly, the population at risk is quite unknown. 
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It may be asked what criteria should be used to make sure that the two 
types of primary glaucoma were co-existent in the same eye at the same time. 
Presumably a patient with established chronic simple glaucoma in which it 
had been definitely observed that the ocular tension was raised in spite of 
open angles, might then start to develop congestive attacks in which the 
angle was seen to be closed. None of the above patients was observed 
frequently enough to say that this was true, but the last two probably did 
develop a closed-angle during simple glaucoma; significantly, the tendency 
to angle closure in these two cases was severe enough to produce an acute 
attack. The clinical impression that the development of congestive attacks 
in the course of established unoperated simple glaucoma is very rare indeed 
seems to be confirmed by the cases analysed above. 

The reverse state of affairs, in which simple glaucoma supervenes on 
established closed-angle glaucoma, appears to occur more frequently, but 
here it is difficult to be sure that the simple glaucoma element is, in fact, 
primary, and that it is not secondary to damage, by repeated angle closure, 
to the trabeculae or to Schlemm’s canal and its efflux channels. It must be 
admitted that there can be no direct proof in vivo that this damage does in 
fact occur, and that wherever the question arises the possibility of a pre- 
existing simple glaucomatous element cannot be ruled out. Certainly 
gonioscopic visualization of the trabeculae will give no clue to the nature 
of the trabecular or post-trabecular obstruction. 

The place of gonioscopy in the diagnosis of the primary glaucoma needs 
no extended discussion here, but when the history is equivocal the gonio- 
scopic findings may not help to classify the glaucoma. There is, of course, 
no a priori reason why simple glaucoma should not be accompanied by any 
width of open angle, but it may be remarked that, although miotics will 
usually widen the angle, they may sometimes increase iris bombé and give 
an impression of a narrow angle which had not necessarily been present 
before treatment was instituted. Gonioscopy before miosis would thus 
appear to be advisable in all cases. It may be that some of the patients in 
Group 1 of the present series have angles narrowed by miotics, thus sug- 
gesting a closed-angle element. 

The difficulty of determining whether the iris in contact with the cornea 
or with Schwalbe’s line in unoperated eyes (Phillips, 1956) is organically 
adherent, is a feature common to many of these cases. The effect of miotics 
in a case of simple glaucoma with a very narrow angle and physiological 
iris bombé could be to increase the relative pupillary block and suction on 
the iris root (as a result of the decreased resistance to aqueous outflow 
through the trabecular drainage channel system) so much that the angle 
becomes even narrower. Could this irido-corneal contact aggravated by 
miosis be itself in certain cases a factor resisting the flow of aqueous? A 
simple glaucoma might thereby be converted to a type of chronic closed- 
angle glaucoma such as that described by Foulds and Phillips (1957). In 
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such cases in which the iris may stretch through the use of miotics o: +r a 
long period one type of outflow resistance may be replaced by ano ner, 
Certainly it might be expected that miotics in this type of case woul: be 
more effective after iridectomy provided that access to the angle had een 
made more free by this procedure. In some eyes in which fistul:zing 
operations have failed to drain, the tension may be controlled by miotics 
because the associated iris surgery makes medical treatment more effective. 

If simple glaucoma can be accompanied by any width of angle the same 
cannot be said of the vast majority of cases of closed-angle glaucoma. The 
angle, if not obscured by iris bombé is narrow at least at its neck, and the 
usual difficulty is to decide whether the angle is open at all and whether, if 
obstructed, this blockage is due to mere contact or to peripheral anterior 
synechiae. In an eye with an angle such as this, accompanied by a pressure 
not controlled by miotics and, possibly, by cupping with field loss, it is not 
unnatural for surgeons to embark on a drainage operation rather than to 
risk peripheral iridectomy alone. This latter procedure sometimes produces 
a more easily visible and largely open angle with normal tension (Foulds and . 
Phillips, 1957, as in the present Case 31), but here again, should a peripheral.’ 
iridectomy fail to control the tension and yet produce sufficient, opening of 
the angle for the trabeculae to be visible, one cannot say whether the case 
was initially one of simple glaucoma or was always one of closed-angle 
glaucoma with consequent trabecular damage. Presumably a raised tension 
with complete absence of peripheral anterior synechiae after a basal irid- 
ectomy would favour simple glaucoma. It is difficult to imagine trabecular 
damage without the formation of at least some organic adhesions; this may, 
however, be an unwarranted assumption. 

In some degree the age incidence of the two primary forms of glaucoma 
may make co-existence unlikely, but the age groups overlap enough to make 
this far from impossible. There may be mechanical reasons against their 
co-existence, however. Even on the relative pupillary block theory of 
closed-angle glaucoma of the usual type, it seems to be generally agreed that 
expulsion of the aqueous from the anterior chamber is the “final act” 
(Shaffer, 1956). The nature of the precipitating factor is uncertain, but 
much more attention is paid to angle blockage due to a bowed forward iris 
than to a crowding of iris tissues. It is well known that mydriasis alone is 
often insufficient to cause angle blockage in these eyes, and the occurrence 
of angle blockage with a small pupil or even as a direct consequence of the 
use of a miotic is also occasionally encountered. In the presence of 
pupillary block, it is difficult to imagine that angle closure would occur 
without aqueous passing out through the drainage channels. 

The suction theory of Posner (1953) again demands that the aqueous in 
the sequestrated peripheral sinus of the anterior chamber be pushed out by 
the vis a tergo of pressure behind the iris in relation to “suction” via the 


drainage channels. 
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In either case a marked obstruction of the outflow channels in simple 
glaucoma would appear to reduce the likelihood of angle closure. One 
may conceive that a comparatively mildly raised outflow resistance would 
allow angle closure if the predisposing anatomical and physiological factors 
are marked; here it may be recalled that the two cases considered as possible 
mixed glaucoma both had acute attacks. If outflow variations (such as 
may be responsible for the phasic variations of ocular tension in simple 
glaucoma) occur, it would be expected that the tendency to angle closure 
would be most likely when the outflow is at its maximum. It would seem, 
however, that a patient with a tension high enough to produce haloes in 
simple glaucoma must have a markedly obstructed outflow and is therefore 
unlikely to develop angle closure. 


The roie of an abnormally free aqueous outflow via the trabeculae in 
closed-angle glaucoma has never been fully investigated, but there is no 
doubt from the practical point of view that cyclodialysis without iris surgery 
in closed-angle glaucoma (increasing the loss of aqueous from the anterior 
chamber without relieving the relative pupillary block) is a dangerous 
procedure (Chandler, 1952). 

Is it important from the practical point of view to try to put difficult cases 
into one or other category of primary glaucoma? The writer believes that 
the answer to this question is uncertain at present. There are some cases 
of closed-angle glaucoma which are difficult to recognize but will respond 
to peripheral iridectomy alone, thus obviating the dangers attendant on 


drainage operations in this type of case. Against this is the difficulty of 
being certain of the response to iridectomy alone and the natural desire to 
avoid submitting an eye to more than one operative procedure if possible, 
particularly in view of the difficulty of interpreting gonioscopic findings as 
discussed previously. 


There are many surgeons who vary their drainage operations according to 
the type of glaucoma or according to the type of angle or the depth of the 
anterior chamber. Assessing the case after the use of miotics may be mis- 
leading here; both the width of the angle and even the depth of the anterior 
chamber (Bleecker, 1960) may decrease as a consequence of their use. In 
any case, as surgeons who use one drainage procedure for all types of 
glaucoma usually incorporate iris surgery in their techniques, the “curable” 
part of the closed-angle element is incidentally taken care of. 

From the point of view of the prognosis, it is again uncertain whether 
simple glaucoma, if diagnosed before cupping has occurred, is definitely of 
Worse prognosis than early closed-angle glaucoma, or, conversely, that 
cupping or field loss in closed-angle glaucoma are any less likely to advance 
in spite of control of the tension than in simple glaucoma. Further, as 
tegards unilateral cases, no distinction can be made, as a high proportion 
of both types of glaucoma is eventually bilateral. 
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Whatever doubt there may be about the practical advantage of tryin: to 


separate the two primary glaucomas in difficult cases, the diversitie: of 
closed-angle glaucoma are obvious and a narrowing of the group of cases 
referred to as simple glaucoma can only help the search for the ultimate 
factors responsible for both types of the disease and the clarification of our 
knowledge of prognosis and treatment. 


Summary 


(1) A series of 47 cases diagnosed as mixed glaucoma is presented and 


analysed from the standpoint of the present classification of primary 
glaucoma. Five groups were reviewed: 


(a) 22 were considered to be chronic simple glaucoma. 
(b) 10 were considered to be closed-angle glaucoma. 


(c) 7 could on present criteria be considered as either (a) or (b), although 
the co-existence of the two conditions could not be excluded. 

(d) 5 cases were insufficiently investigated or too complex and doubtfu! 
for classification. 

(e) 3 were probably cases of true “mixed glaucoma’”’, in the sense of 
co-existent closed-angle and simple glaucoma. 


(2) Mixed glaucoma in this sense is probably very rare and can often be 
excluded from the diagnosis. 


(3) Certain difficulties of classification are mentioned, especially those 
presented by angles which appear very narrow with the gonioscope. 


(4) Some theoretical reasons for the rarity of the association of the two 
types of glaucoma are presented. 


(5) The practical use of classifying difficult cases is questioned, but it may 
ultimately help to clarify such matters as the reputedly poor long-term 
prognosis of simple glaucoma. 
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BOOK REVIEWS 


Electroretinographia (Symposium, Luhatovice, 1959). Edited by J. VANsYEK. 1960. 
Pp. 374. Lék. Fak. Univ. J.B. Purkyné, Brné. 

This report of the symposium on electroretinography, held at Luhagovice in 1959, 
shows how stimulating the meeting must have been. One great value of the symposium 
was to introduce Russian and Easicrn European work to a new audience. It is therefore 
unfortunate that (presumably because of pressure of space) many of the published reports 
are so brief that essentials are omitted. The summaries and figure legends are especially 
uninformative. (One extremely complicated hypergeometric diagram is starkly and 
solely labelled ‘‘ Einstein ”’.) 

The great variety of the electroretinographer’s interest is apparent throughout. One 
paper deals with methods (averaging, integration) for improving the signal-to-noise ratio, 
another with the need for fuses in the input stages of amplifiers to protect the patient 
against instrument failure. 

Some workers record the electroretinogram alone; others combine it with “the EEG, 
sub-corticogram sensitivity of the eye to electricity, lability of chiefly the central sight 
system, after the critical frequency of extinction of the Vosphen”. It is becoming more 
usual to use a variety of test illuminations during the progress of dark adaptation, a 
scheme that has been dubbed “dynamic” electroretinography. Flicker and twin flashes 
are utilized—the latter with most interesting results. 

With all these different techniques it is scarcely surprising that the apparent form of 
the human ERG should vary from paper to paper. The deflections, a,-, a>-, and 
b, are usually apparent where stimulus conditions allow, but not infrequently additional 
deflections, private to the particular author’s apparatus, appear in the published records. 

These are analysed in various ways. Some workers are concerned with waveforms 
(negative and positive ERGs), others, more ambitious, analyse the damping coefficients 
of the waveform, or the modulation depth and phase-lags of flickering wavelets. Some 
few papers even give the dispersion of the results. 

The section on physiology is perhaps the least exciting, since several of the contribu- 
tions have been already published in extenso, so that, apart from methodology, the chief 
interest lies in the clinical contributions. 

G. Aladjoff in an excellently documented report, concluded that the ERG is normal 
in early glaucoma, though the b-wave may increase if the intra-ocular pressure rises to 
between 32-35 mm. Hg;; this view was apparently challenged, but no comparable opposite 
evidence was produced. Francois reported ERG abnormalities in protanopia. The 
originators of the new and complex techniques claim that their higher sensitivity enables 
early diagnosis of glaucoma and the objective examination of the macula, but no extended 
series were reported. It seems that, the more sensitive the method, the more complex 
the picture disclosed, for it is now claimed that ‘“‘the ERG examination shows the retina 
to be regulated through the cerebral cortex. The retina acts as the conditional reflex 
together with cortex and subcortex”’. 

The introductory address to the conference, which well expresses its total impression, 
posed the following problem: ‘‘The activity of the electronic valve, in discharge and rest, 
is Situilar to that of the neurone. This era has seen the development of biophysics, 
uidchemistry quantum mechanics, cybernetics, and now the rise of electroretinography. 
How to continue?” 

The participants in this conference may well have felt they had contributed to answering 
this question, both in the formal papers and the spirited critical discussion with which 
the volume ends. 
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Corticoids in Ocular Inflammatory Reactions. (Der Einfluss der Nebennieren-Corti-oide 
auf die Endziindlichen Reaktionen des Auges.) By W. BOKE. 1960. Pp. 104, 
29 figs, bibl... Thieme, Leipzig. (D.M. 21.70) 

The author discusses the present achievements of cortisone therapy from the extensive 
literature. He is interested in the theoretical aspects of this treatment. The new 
substances of the cortisone group, which may interest the practical ophthalmologist, 
are not discussed here as they have basically the same action. His animal experiments 
on rabbits prove again the value of cortisone therapy. 

The desoxycortisone hormone which may in some respects act as an antagonist of 
cortisone, enhancing the inflammatory tissue response is of interest. Its possible value 
in the treatment of an anergic inflammation is discussed. 


The Johnson Recording Oscillometer. Its Use in the Study of Arterial Hypertension. By 
C. A. JoHNSON. 1959. Pp. 112, 71 figs, 40 refs. Pergamon Press, London. 
($5) 

The author presents a detailed description of the Johnson Recording Oscillometer 
which makes possible the recording of the calibrated arterial volume pulse without 
arterial puncture from anywhere in the extremities, the temporal artery, the brain, and 
the intra-orbital tissues. Some of the results thus obtained may be of only academic 
interest, but other aspects have a direct clinical application in the diagnosis and treatment 
of patients. 


A Synopsis of Ophthalmology. By J. L. C. MARTIN-DoyLe. 2nd ed., 1961. Pp. 249. 
Wright, Bristol. (27s. 6d.) 

This book, although small in size, contains a large amount of information in an easily 

accessible, condensed form. The second edition contains new sections on recent advances 

in ophthalmology, including studies of toxoplasmosis, cytomegalic inclusion disease, 


anterior chamber implants, micro-corneal lenses, gonioscopy, and light-coagulation. 
The sections on therapeutics, glaucoma, and squint have been revised and brought up 
to date. 

The section on antibiotics and steroid therapy is excellent and includes a very useful 
Table giving the proprietary name, maker, and therapeutic ingredients of numerous 
antibiotic drugs. 

Glaucoma is dealt with satisfactorily although there are a few minor changes which 
could be suggested. The water drinking test, for example, is of more value in open- 
angle than closed-angle glaucoma; the secondary glaucoma following thrombosis of the 
central retinal vein is now considered to be due to new vessel formation in the angle; the 
Table summarizing glaucoma gives the impression that acute congestive attacks occur 
in open-angle glaucoma. 

The chapter on anomalies of ocular movement is excellent and the list of eponymic 
ocular syndromes very useful. 

The book is easy to read and has an excellent index. 
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COMMUNICATIONS 


PSEUDOTUMOUR OF THE ORBIT* 
A CLINICAL AND PATHOLOGICAL STUDY OF 47 CASES 


BY 


MARGARET E. COOP 
Department of Pathology, Institute of Ophthalmology, University of London 


ORBITAL pseudotumour is a. term used to describe diverse clinical conditions 
which initially may simulate true orbital tumours but subsequently pursue a 
benign course. Although the first case was described over a century ago, a 
survey of the literature reveals little progress in the understanding of the 
processes involved in the production of pseudotumours. Many of the lesions 
are described as chronic orbital granulomata, but this non-committal term 
does little to elucidate their origin. 

Birch-Hirschfeld (1930) was puzzled to find granulomata in sections from 
orbital material removed from patients free from tuberculosis, syphilis, fungus, 
or parasitic disease. More recently, Benedict (1949) reported two cases, 
confirmed histologically, of “solitary orbital sarcoid”’, but the patients gave 
no evidence of sarcoidosis or other pathology when traced for 22 years. 

For these orbital lesions in cases in which granulomatous disease is absent 
elsewhere and does not manifest itself later, the name orbital lipogranu- 
loma is here proposed; the present study suggests that these granulomata 
are due to fat necrosis and its sequelae: the reasons for this opinion are 
detailed later. 

Although Reese (1951) noted the presence of fat necrosis in orbital pseudo- 
tumours, he regarded it as incidental to inflammation already present. The 
illustrations in his textbook, however, show features of late stages. Else- 
where in the literature no reference to the role of fat necrosis as an explana- 
tion for granulomatous orbital pseudotumours has been found. 

The present study confirms that even to-day the aetiology remains clinically 
obscure in many cases, though pathological examinations reveal the cause in 
some, and clinical follow-up enables a few others to be diagnosed. 

Confirmation of diagnosis is difficult as the clinical features can be 
mimicked by many conditions so that the differential diagnosis covers a wide 
field. This was well demonstrated by Cowan (1951); five clinical diagnoses 
were made before biopsy and exenteration finally revealed a chronic 
inflammatory retrobulbar mass. Treatment of the lesion can be rational 


_ 
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only when the causation is understood. This explains the lack of standard- 
ized treatment as most writers are agreed that numerous factors may produce 
orbital pseudotumours. 

This study involves the clinico-pathological investigation of 47 cases of 
orbital pseudotumour diagnosed histologically from 1924 onwards. 45 ciises 
were provided by surgery (biopsy 29, enucleation 7, exenteration 9), and two 
by post mortem material. 

39 of the patients, with an average follow-up just exceeding 44 years, have 
been traced post-operatively, and information has been obtained about 
progress, treatment, and present condition. 

It is evident from this series that the visual prognosis for a patient develop- 
ing an orbital pseudotumour is much improved in recent years, due to in- 
creased awareness of this benign condition, and the wise and accepted use of 
preliminary biopsy, together with the wider range of treatment available. 

The prognosis for life was shown here to be unaffected by development of 
an orbital pseudotumour. Five patients in the series died and four of these 
were confirmed by post mortem examination to have died from other causes. 
One patient (Case 14), a woman aged 35 years, for many months was thought 
to have a pseudotumour but later died from lethal midline granuloma 
(Wegener’s granulomatosis). Another patient died from perinephric abscess. 
Two male patients aged 81 and 61 years died from cerebral haemorrhage 
and arteriosclerosis. The remaining patient, who had been traced before 
death for over 9 years, was not known to have had an autopsy. 





Analysis of 47 Cases 
The length of follow-up is set out in Table I; the average for the 39 cases 
traced is 44 years. 











TABLE I 
LENGTH OF FOLLOW-UP 
Follow-up (yrs) No. of Cases 
More than 10 2 
5-10 11 
3-5 12 
1-3 10 
4-] 4 
Post mortem 2 
Not traced 6 
Total 47 








The age when the lesion was diagnosed histologically ranged from 14 to 83 
years (average 48). There were 25 male and 22 female patients. The right 
orbit was affected in 24 cases and the left in eighteen, and in two it was not 
stated. 
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In three cases both orbits have subsequently become involved, but two of 
these have manifested as endocrine exophthalmos and the third may be 
accounted for by apparent exophthalmos. Two bilateral cases (Cases 4 
and 8) are detailed later; the remainder of the traced cases were unilateral. 

The patient’s occupation was not noted as significant. 

The site of the pseudotumour is set out in Table II: 











TABLE II 
SITE OF PSEUDOTUMOUR 
Site No. of Cases 
Floor of orbit (one beneath periosteum) 12 
Within muscle cone 8 
Lacrimal gland region 8 
Closely related to globe 5 
Roof of orbit 3 
Lateral wall extending to apex Z 
Apex of orbit 1 
Medial orbital wall 1 
Diffusely in orbit 2 
In a socket 1 
Not stated 4 
Total 47 








In two cases associated with trauma the lesion involved the temporal side 
of the globe (Cases 11 and 15). 
There were no known intracranial extensions from the orbit. 


Clinical Features of Orbital Pseudotumour 


Proptosis.—This was the commonest complaint, occurring in 37 cases. 23 
patients presented with proptosis and fourteen developed it later. In the ten 
patients who did not develop proptosis, eight lesions involved the lacrimal 
gland region, one the orbital floor, and one the temporal side of the globe. 


Pain.—Twelve patients presented with pain, five developed it later, and six 
had no pain. In nine other cases irritability of the eye was noted, but in the 
remainder no discomfort was mentioned. 


Swelling of Lids or Chemosis.—Nine patients presented with lid swelling 
and five developed it later. In nine cases chemosis was noted. 


Diplopia or Limitation of Movement.—Five patients presented with diplopia 
and seven developed it later: limitation of movement was present in sixteen 
and ptosis in four. 





Orbital Swelling.—In sixteen patients a mass was palpable clinically. The 
only symptom of one patient was a swelling, which was palpable in the 
lacrimal gland region. 
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Pyrexia.—A mild transient pyrexia was noted in one case. In Case -, in 
which death occurred from-infection elsewhere, the temperature was high and 
swinging. 

Disc Oedema.—This was present in eight cases. Visual acuity of 6/24 in 
one patient improved to 6/6 after surgical removal and radiotherapy when: the 


disc oedema resolved. 
Reduced visual acuity was mentioned in seven cases: in four it was due to 


disc oedema, in two to retinal detachment, in one the cause was not stated. 








Visual Fields.—Defects due to disc oedema and retinal detachment were 
recorded, but there were no other visual field defects. 
Retinal Detachment. 


Other Complications.— Uveitis, retinal haemorrhages, central retinal vein 
thrombosis, lagophthalmos, exposure keratitis, and panophthalmitis occurred 
in isolated cases. 


This was present in three cases. 





Investigations of Orbital Pseudotumour 


X-ray of Skull and Orbits.—This was helpful in excluding the presence of 
bone involvement, which is not a feature of orbital pseudotumour. 

Several cases showed a soft tissue orbital shadow. One showed doubtful 
changes suggestive of sphenoidal ridge meningioma which was not confirmed 


post mortem. 


X-ray of Sinuses.—In 23 cases these were normal. Treatable sinusitis was 
present in four cases where x rays showed antral opacity. 


Carotid Arteriography.—This was performed in one case but no evidence 
of vascular abnormality was found. 


Orbitography.—An inconclusive result was obtained in one case in which 
this was done. 


Wassermann Reaction and Kahn Test.—In eighteen cases in which this was 
mentioned, all were negative. 


Blood Examination.—Full blood counts were normal in 21 cases. In three 
patients (Cases 12, 13, and 14 which are detailed later) the erythrocyte sedi- 
mentation rate was raised. In two of these the condition was associated with 
trauma and in one with lethal midline granuloma. In each the symptoms 
and signs were progressive. 

Basal Metabolic Rate.—This was insignificantly raised in two patients. In 


a third (Case 4) it was raised at one stage to +34 per cent., and the diagnosis 
later proved to be that of endocrine exophthalmos. 
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Lumbar Puncture.—This was performed in two cases and results were 
normal. 


Aspiration Biopsy.—This was performed on two patients but was not of 
diagnostic value. 


Surgical Biopsy.—This was performed on forty occasions. Biopsy was 
not always done on patients early in this series, but one or more biopsies were 
done on others later in the series. 


Treatment 


Surgery.—Of the first fourteen cases in this series, diagnosed between 1924 
and 1953, twelve patients lost either an eye (by enucleation: 3, or by eviscera- 
tion: 1) or the orbital contents (by exenteration: 8). One case was diagnosed 
after a post mortem examination and the one patient who eluded the surgeon’s 
knife is well, although unilateral proptosis is still present after 6 years. 

In the remaining 33 cases, diagnosed since 1953, three eyes were removed 
and one orbit was exenterated. This exenteration was done for a lesion that 
later proved to be a lethal midline granuloma (Case 14). Of the three eyes 
that were lost, two had pain together with retinal detachment in which 
malignancy was suspected and the third was blind and fixed. 

In two cases a definite tumour was not demonstrated at operation, although 
biopsy showed dense chronic inflammatory tissue. These conformed with 
Birch-Hirschfeld’s Type II (see below). 

In three cases it was noted that one or more of the rectus muscles were 
greatly hypertrophied. One (Case 4) developed endocrine exophthalmos, 
and two other patients were not traced. 


SURGICAL COMPLICATIONS 


Orbital Haemorrhage.—This occurred after orbital exploration and exenteration 
was later necessary. 


Perforation of the Globe.—The tumour was removed via a transfrontal approach 
and the cornea was already extensively damaged by hypopyon ulcer at the time 
of operation. Evisceration was necessary later. 


Section of Optic Nerve-—An extensive pseudotumour was removed, and during 
the operation the optic nerve was cut. Exenteration was carried out later because 
of pain and immobility of this blind eye. 


Weakness of all Ocular Movements.—This developed post-operatively in two 
cases. 


Partial IIIrd Nerve Palsy.—This was seen in one case. 
Ptosis and Displacement of the Globe.—This was seen in one case. 


Anaesthesia over Distribution of Supra-orbital Nerve.—This was seen in one case. 
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Some of the above complications may be attributed to post-operative scar ti: sue. 


Recurrence of Pseudotumour.—Case 18 shows that recurrence may occur and that 
this need not indicate malignancy. 





Radiotherapy.—The best results were obtained in cases in which histo- 
logical examination showed a cellular predominance rather than large 
amounts of fibrous tissue, and in which the symptoms were of recent onset. 

Nine cases of orbital pseudotumour were given radiotherapy following 
biopsy. Three were markedly improved but six were unaffected. Two 
further cases received radiotherapy and Telecobalt therapy respectively 
immediately after surgical removal of the pseudotumour, with favourable 
results. As the relative value of radiotherapy and surgery could not be 
assessed, these two cases are not included. 


Good Results with Radiotherapy.—Three patients, in whom symptoms had 
been present for from 2 to 6 months, improved markedly with treatment. In 
one of these the pseudotumour involved the lacrimal gland, which was in- 
filtrated with lymphoid follicles containing germinal centres. The second 
case showed fat necrosis in orbital tissue with negligible fibrosis. The third 
case (Case 15) showed extremely cellular tissue and was given the alternative 
diagnosis of lymphoma or lymphosarcoma of the orbit. This lesion rapidly 
disappeared with radiotherapy. 


No Response to Radiotherapy.—Six patients were unaffected by treatment. 
In four of them symptoms had been present for 18 months or more before 
treatment was given, and large amounts of fibrous connective tissue were 
present in the histological sections. In the fifth orbital swelling lessened but 
pain increased after radiotherapy and exenteration was done later. In the 
sixth, the patient, who complained of orbital pain before treatment was begun, 
still complains of pain preventing sleep. He was unaffected by radiotherapy. 


Steroid Therapy.—Four patients received systemic steroid therapy. Two 
of these recovered dramatically and completely, a third gained temporary 
improvement, and the fourth was not affected. None of these patients 
belonged to the orbital myositis group. 


Case Reports 


Case 1.—8 weeks after the onset of redness and swelling of both lids, ptosis, proptosis, 
and diplopia, a male, aged 25 years, was given systemic cortisone and ACTH with im- 
provement, On withdrawal of treatment, the symptoms increased, and biopsy showed 
fibro-vascular tissue with a minimal chronic inflammatory cell content. The histological 
picture would, no doubt, have been altered by the hormonal treatment. A further 2 
months of the same therapy was given with marked improvement. 6 years later the patient 
was symptom-free. Mercury, iodides, and antibiotics had been ineffective in this case. 


Case 2, a woman aged 70 years, had similar symptoms of swelling and redness of a lid, 
ptosis, proptosis, and diplopia for 8 weeks which were unaffected by penicillin. Potassium 
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jodide and prednisone were given for 2 months and the recovery was remarkable. The 
prednisone dosage was 5 mg. twice daily initially and later the dosage was halved. 2 years 
later the patient is well and symptom-free. 

The biopsy specimen taken before treatment provided much controversy; three leading 
London pathologists made different diagnoses as follows: gliomatous infiltration of the 
orbital tissue, neurofibroma undergoing degenerative change, and orbital granuloma. 


Case 3, a male aged 53 years, who complained of diplopia, ptosis, and proptosis of 8 
weeks’ duration, was not improved by antibiotics or potassium iodide and gained striking 
improvement lasting one week with prednisolone and a similar temporary effect with 
Diamox (acetazolamide). As the improvement was not maintained, the patient has been 
treated with radiotherapy, but this has had no appreciable effect. The fibro-fatty biopsy 
tissue showed early changes of fat necrosis. 


Case 13, the fourth patient, who received systemic cortisone without effect, is detailed 
later. His symptoms had been present for over a year and histological section showed 
much dense acellular fibrous connective tissue. 


Systemic Antibiotic Therapy.—Seven patients with orbital pseudotumour 
who received penicillin and/or other antibiotics were not improved. 


Sulpha Drug Therapy.—This was ineffective in two cases. 


Mercury or Iodide Therapy.—Three patients were not improved by mercury 
or iodide preparations by mouth. One of these later developed sensitivity to 
iodine dressings. 

A fourth patient (Case 2) improved when a potassium iodide mixture was 
given during the course of systemic prednisone. 


Illustrative Cases of Orbital Pseudotumour 


Space does not permit a consideration of all 47 cases, but some are men- 
tioned in detail to demonstrate salient features and diagnostic difficulties. 


PSEUDOTUMOUR ASSOCIATED WITH ENDOCRINE EXOPHTHALMOS 


Pathological changes due to endocrine exophthalmos and pseudotumour 
primarily involving extra-ocular muscles (chronic orbital myositis) are very 
difficult to distinguish with certainty. The pathologist confronted with a 
small biopsy specimen and, perhaps, scanty clinical details may be diffident 
about diagnosing endocrine exophthalmos. 

_ The two relevant cases in this series confirmed the difficulties encountered 
in the clinical differentiation between orbital pseudotumour and endocrine 


, exophthalmos in its early stages, especially when unilateral. However, if the 


second orbit becomes affected or further clinical features develop in the 
course of time, the diagnosis of endocrine exophthalmos may be established. 

In support of this, Barkan (1938) quoted several cases of unilateral 
exophthalmos occurring in young girls which preceded the development of a 
thyrotoxic syndrome by about 18 months without change in the basal 
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metabolic rate. He considered these could account for cases of ps¢ ido- 
tumour in which, at operation, no tumour is found. 


Case 4.—This patient was presented by Meadows (1945). A man aged 56 year. who 
developed right exophthalmos, chemosis, and limited ocular movements, later developed 
pain in the eye. There was no clinical evidence of endocrine exophthalmos, but the 
basal metabolic rate was +34 per cent. on one occasion. As the proptosis was irreducible 
and a palpable tumour was found in the orbit, a biopsy was done, which showed a 
**pseudotumour” of the orbit. 

Because of pain, progressive exophthalmos, chemosis, lid oedema, lagophthalmos, and 
corneal ulceration, a neuro-surgical unit performed extensive orbital decompression. At 
operation a hard mass of tissue arising from the superior rectus muscle and extending to 
the back of the orbit was removed, together with the muscle. Histologically, this tissue, 
identical with that in the earlier biopsy, showed oedematous muscle with some degencration 
of the muscle fibres and fibrous connective tissue. There were diffuse and focal collections 
of chronic inflammatory cells and some epithelioid cells. 

Although the proptosis regressed a little post-operatively, hypopyon and corneal per- 
foration necessitated evisceration 3 weeks later. 21 months after the onset of the right 
orbital symptoms the left orbit became similarly affected and the endocrine signs became 
obvious, and the diagnosis of endocrine exophthalmos was made. The exophthalmos 
fluctuated in severity, but the fate of the left eye was similar, with a perforated corneal 
ulcer, and finally leucoma adherens developed. The patient refused operation, and when 
last seen the vision in the left eye was reduced to perception of light with absent red reflex. 
The patient died 9 years after the onset of symptoms, at the age of 65 years, but the exact 


cause of death was not available. 
Goldsmith (1945), in the discussion of this case, suggested that only one muscle may be 


enlarged in endocrine exophthalmos and this could lead to a mistaken diagnosis of pseudo- 
tumour. No further evidence along these lines was gained by this study. The fluctuation 


of exophthalmos and clinical signs was noted in only one other case not related to endo- 
crine exophthalmos, so this was not a characteristic feature. 


PSEUDOTUMOUR DUE TO CHRONIC ORBITAL Myositis 
Dunnington and Berke (1943) described this condition, in which the 
common symptoms are: painless lid oedema, exophthalmos, and diplopia. 
Their four cases were all unilateral and the histology was characterized by 
lymphocytic infiltration, fibrosis, and degeneration of muscle fibres. Grossly 
the muscles were pale, enlarged, cartilaginous, and cut with a gritty feeling 
Four cases in the present series had symptoms and signs which, together 
with the typical histology described by Dunnington and Berke (1943), 
enabled them to be classified as ‘“‘pseudotumours”’ caused by chronic orbital 
myositis (Table III, opposite). Three of these patients were male and one 
female. Only one orbit was affected and in each case the floor of the orbit 
was involved. Most have been traced for several years and none has 


manifested other clinical signs. 


PSEUDOTUMOUR ASSOCIATED WITH FOCAL INFECTION 


Case 5.—A man aged 60 years was admitted to a general hospital in 1936. He com 
plained of proptosis and inflammation of the left eye for 3 weeks. The eye was immobile 
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TABLE III 
PSEUDOTUMOUR ASSOCIATED WITH CHRONIC ORBITAL MYOSITIS 





: Duration Symptoms 

Be _ Site 
Symptoms 

(yrs) ae 





i Lia _ | Limitation Follow-up 
Diplopia | Proptosis oe a oe 
ovemen*‘ 





18 + + + At operation the optic nerve 
was cut, so exenteration 
was done later. Well and 
symptom-free 114 years 


later. 


| Floor Biopsy showed _pseudo- 





extending tumour but globe later 
to Apex d. S free 6 





years later. 





Floor of Inferior rectus muscle and 

Orbit mass removed at biopsy. 
Apart from limitation of 
movement, symptom-free 
4 years later. 





biopsy, symptom-free 6 
months later. 














+ | Satisfactory recovery after 


and chemosis was present. His sinuses were explored and found normal. A retro-ocular 
tumour was suspected. 

While under observation the patient died and post mortem examination revealed sub- 
phrenic and perinephric abscesses and apparently no sign of tumour growth or sepsis in 
the orbit. The patient had never complained of abdominal pain but his temperature 
had been markedly raised. 

Histological changes were those of a fibrosing inflammatory orbital mass containing 
plasma cells, lymphocytes, a few polymorphonuclear leucocytes, and endothelioid cells. 
Large numbers of eosinophilic leucocytes were aggregated together surrounding fat cells 
in many areas, and occurred diffusely, in smaller numbers, throughout the remainder of the 
affected areas. The marked inflammatory changes surrounded a large occluded artery 
and numerous smaller occluded vessels lying in the affected orbital fat (Fig. 1). The 
globe, optic nerve, more dis- 
tant orbital fat, and connective 
tissue trabeculae were un- 
affected. A rectus muscle 
showed increase in sarcolem- 
mal nuclei and some perivas- 


cular lymphocytic cuffing. 





Fic. 1.—Case 5. Pseudotumour 
associated with focal infection. 
Occluded arteries lie close to the 
optic nerve (arrows) and exten- 
sive early changes of fat necrosis 
affect the orbital tissue. 


It is of interest that this patient suffered from renal infection, for Boyd (1953) states that 
lymphatics from the kidney drain directly to the thoracic duct, often with no intervening 
lymph nodes, and infective material may, therefore, reach the blood stream in quantity. 

The pseudotumour in this case resulted from changes in the orbital fat which were 
present as a consequence of arterial occlusion. 
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A further case of orbital pseudotumour associated with infection elsewl: 2re 
in the ody is presented in Case 6, in which the infective source was eliminzied 
early and the orbital lesion was not extensive. 

Cases 5 and 6 indicate that infection elsewhere in the body may be im- 
portant in production of orbital pseudotumours. Such lesions were postu- 
lated by Duke-Elder (1952). 


Case 6.—A man aged 59 years was admitted to a general hospital with a gangrenous 
appendix which was removed. At the time right chemosis was noted. 6 months later, 
he sought ophthalmological advice because of an indurated swelling below the right eye 
which was slightly proptosed. 2 years after biopsy the patient was symptom-free. 

Histological sections of a very small biopsy showed a pseudotumour consisting of 
fibrovascular fatty tissue densely infiltrated with focal collections of small round cells, 
together with a few swollen endothelial cells and plasma cells. 


PSEUDOTUMOURS ASSOCIATED WITH SINUSITIS 

The close association between some orbital pseudotumours and paranasal 
sinusitis is demonstrated in the three following cases. Sinus infection may 
spread directly or act indirectly via the blood supply. 


Case 7.—A woman aged 44 years complained of right retro-ocular pain, and thick 
creamy pus was obtained from 
a right antral washout. The 
pain persisted and 10 months 
later the vision became blurred 
in the right eye. A retinal de- 
tachment involving the right 
macular region was now present 
together with a secondary in- 
ferior detachment. As malig- 
nancy was suspected the eye was 
enucleated, after which the pain 
disappeared. One year later 
the patient was symptom-free 
and the orbit normal. 
Fig. 2 shows a low-power 
section of the globe showing 
the thickening of the sclera 
extending from the equator to 
the disc. The sclera is thick- 
ened by fibrosis and chronic 
inflammatory-celled infiltration 
which is both diffuse and focal, 
forming in some areas well- 
marked lymphoid follicles with 
active germinal centres. The Fyg, 2—Case 7. Pseudotumour associated with sinusitis. 
chronic inflammation extends There is gross scleral thickening and dense perivascular 
into the choroid and the retina Chronic inflammatory cell infiltration, together with retinal 
is detached by an exudate. detachment with subretinal exudate. 
The association between purulent sinusitis and the resultant ocular involvement scems 
unequivocal in this case. Unfortunately, the effects were well-established within the 
globe and treatment of the sinusitis did not relieve the ocular pain. 
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Case 8.—A boy aged 5 years living in South Africa had bilateral strabismus operations. 
When 13 years old he was treated by an ear, nose, and throat specialist, who noted con- 
junctival congestion together with enlarged turbinates and a deviated nasal septum. 
Nasal and sinus x rays showed opacity of both maxillary antra. The diagnosis made was 
that of allergy with secondary infection of the sinuses. 

One year later, left exophthalmos developed and a large mass of tissue was removed 
from behind the globe (Fig. 3a). This tissue showed a typical pseudotumour of the orbit 
with dense fibrous connective tissue containing many follicles of chronic inflammatory 
cells, endothelial cells, and a few giant cells. The details are seen in Fig. 3b, which shows 
a high-power view of one of the follicles. 


Se 
(36) 
Fic. 3a, b.—Case 8. Pseudotumour associated with chronic sinusitis in a boy aged 14 years. 
(a) Aggregations of chronic inflammatory cells lie in dense fibrous connective tissue. x9. (5) 
High-power view of follicle seen in (a). To the left are peripheral lymphocytes and elsewhere 
endothelioid and plasma cells form the central area of the follicle. x 570. 


2 years later the left eye and orbit were stated to be normal but the right eye appeared 
to be slightly proptosed and the lids were swollen. This was associated with right chronic 
dacryocystitis which was relieved by systemic antibiotics, though regurgitation with pres- 
sure on the lacrimal sac persisted. The globe, lids, and vision were otherwise normal, but 
mild proptosis remained. The lid swelling of the right eye may be accounted for by the 
right chronic dacryocystitis. The slight right proptosis noted by the general practitioner 
who examined this boy for follow-up purposes may be apparent exophthalmos. This 
exophthalmos could be accounted for by a left enophthalmos which was in turn due to the 
removal of a /arge retrobulbar mass and also to post-operative scar tissue contraction. 
This case is therefore an example of an orbital pseudotumour occurring in a young person 
In association with chronic sinusitis. 


Case 9.—A man aged 42 years sought advice because of onset of pain in the right eye. 
20 years previously he had received facial injuries in a motor-cycle accident, and for many 
years he had noticed a right proptosis and restricted adduction of the eye. When he was 
examined, these signs, together with oedema of the right caruncle, were noted, but the eye 
was otherwise normal. 

_ Because infection of the right maxillary antrum was present, two Caldwell-Luc opera- 
tions were performed which cleared the sinus infection. A biopsy, taken from a lump 
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on the nasal side of the orbit, showed fibrous connective tissue undergoing hyaline ch inge 
and infiltrated with chronic inflammatory cells and a few giant cells typical of a ‘ong- 
standing pseudotumour. 

Post-operatively, although there was residual proptosis, full ocular movement was 
regained and the pain and oedema of the caruncle disappeared. 3 years later this p:tient 
is well and the proptosis has decreased by 3 mm. 

Trauma and sinus infection were both associated in the production of the lesion ii: this 


case. 


PSEUDOTUMOUR ASSOCIATED WITH A LEAKING DERMOID CysT 


The following case occurring in a girl aged 18 years demonstrates some 
difficulties of pathological diagnosis. 


Case 10.—A girl aged 18 was admitted to a general hospital for investigation of a mass 
near the right lacrimal gland. Biopsy was reported by the hospital pathologist as “‘similar 
to a mixed tumour of the parotid gland”. Dacryoadenectomy was therefore performed. 
2 months later, when pain, proptosis, and a palpable extension to the lower part of the 
orbit developed, a right exenteration was done. 
Examination of the orbital contents at the Institute of Ophthaimology, London, showed 
an extensive organizing granuloma due to a leaking dermoid cyst (Fig. 4). 


Fic. 4.—Case J0. Pseudotumour associated with the leaking dermoid 
cyst seen on the left. Extensive fibrosis present. 5. 


6 years after the onset of symptoms, the patient is well and the socket has remained 
normal. 


PsEUDOTUMOUR ASSOCIATED WITH A RETAINED AND UNSUSPECTED FOREIGN 


Bopy 

Case 11.—In 1931 a boy aged 14 years complained of pain in the head and in the left 
eye for 2 weeks. 4 days later vomiting occurred, proptosis developed, and the pain in- 
creased. When he was admitted to hospital the visual acuity of the left eye was 6/9 partly 
and chemosis was present. Vomiting persisted, all symptoms increased, and the left 
visual acuity was reduced to faint perception of light. A hypopyon ulcer developed 
together with secondary glaucoma. X rays did not show a foreign body and a left antral 
lavage was clear. 5 days after admission the left eye was enucleated. 

The cause of the symptoms was not known before the histological examination of the 
specimen which showed a fine splinter of wood partly retained in the iris and partly lodged 
within the orbit (Fig. 5, opposite). 

The foreign body within the globe was surrounded by subacute inflammatory cells, and 
hypopyon and fibrous exudate were present in the anterior chamber. Elsewhere the 
globe showed mild panophthalmitis. 
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Fic. 5.—Case 11. Pseudotumour associated with a retained, unsus- 
pected foreign body. Hypopyon is present in the lower part of the 
anterior chamber and dense cellular reaction surrounds the wood 
particle retained in the iris. Posteriorly and below a similar fragment 
is retained in the retro-orbital tissue. 2-25. 


The orbital foreign body had produced an extensive reaction in the fibro-fatty orbital 
tissue, consisting of granulation tissue with enormous numbers of young fibroblasts and 
many eosinophils, together with endothelioid cells and small round cells. 

The globe had been injured from the temporal aspect where it is least protected, al- 
though no history of injury could be obtained. 


PSEUDOTUMOUR ASSOCIATED WITH INDIRECT TRAUMA 


Case 12.—A man aged 74 was first seen with a head injury and laceration of the right 
supra-orbital region received when a box of papers felled him to the ground. X ray of 
the skull was normal. 

2 years later, he complained of a prominent left eye and headaches. Clinically he had 
an irreducible left proptosis, chemosis localized to the upper temporal quadrant, and left 
lid swelling. The fundi were normal, but mild bilateral lens opacities reduced the visual 
acuity to 6/9 in each eye; otherwise the right eye was normal. During the following 
month the proptosis increased and there was limitation of movement of the left eye up- 
wards and outwards. 

The erythrocyte sedimentation rate was raised to 49 mm./hr; the cholesterol level, blood 
count, and ear, nose, and throat examinations were normal. The Wassermann reaction 
and Kahn test were negative. 

X ray of the skull showed doubtful thickening of the left lesser wing of sphenoid, sug- 
gestive of a ridge meningioma. 

A biopsy was taken from a mass above the left globe and a post-operative course of 
sulphatriad and penicillin was given. The specimen showed a mass of chronic inflam- 
Matory tissue divided into irregular lobules by dense fibrous trabeculae. Within the 
lobules, numerous small vessels showed a marked endovasculitis and perivasculitis, small 
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round cell infiltration, and fibrosis. The tissue was diffusely infiltrated with eosino: hilic 
leucocytes. 

The symptoms increased and papilloedema and ophthalmoplegia became evide.it so 
the left orbit was given a 14-day course of radiotherapy, without effect. 18 months later 
the patient returned for treatment of a right corneal ulcer. The corrected visual acuity 
was 6/18, but the left eye was now blind and grossly proptosed. 

This patient was reviewed by the author 2 years later. 

Right Eye.—The visual acuity was counting fingers at 2 metres because of corneal 
scarring and a central lens opacity; the movements were full with no proptosis. The 
orbit was normal. 

Left Eye.—There was no perception of light, gross proptosis, chemosis, xerosis, and 
discharge (Fig. 6). The ocular tension was normal. The eye was fixed in a solid mass of 
tissue which filled the orbit. X rays showed a soft-tissue swelling in the left orbit but the 
bony walls were intact. 


Fic. 6.—Case 12. Pseudotumour associated with 
indirect trauma. There is extensive left keratitis 
due to lagophthalmos and infected, chemotic con- 
junctiva. Lateral view showing proptosis. 


Left evisceration was performed. 

4 months later the patient, now aged 81, died at a general hospital and a post mortem 
examination was performed. This was 6} years after the traumatic incident and 43 years 
after onset of proptosis. 

No tumour tissue was found elsewhere in the body. Death was caused by arterio- 
sclerosis with cerebral haemorrhage into the basal nuclei of the brain. Apart from 
atrophic emphysema of the lungs and nephrosclerosis, the remaining organs were normal. 
The orbital tissues were not examined at autopsy. 


PSEUDOTUMOUR ASSOCIATED WITH OLD PENETRATING INJURY 


Case 13.—A man aged 67 years complained of pain in the left supra-orbital region and 
blurred vision in the left eye; 2 years previously the vision of the left eye had been reported 
as 6/6. Localized conjunctival congestion was seen on the temporal side of the globe 
which the patient had noticed unchanged for one year. The visual fields were full and 
sinus x rays were negative. The left fundus showed an ill-defined spot below the macula. 

6 months later, the patient was investigated in a general hospital and, apart from 
quiescent pulmonary tuberculosis (13 years earlier), no cause was found for the eye lesion. 
A course of systemic cortisone for 3 weeks did not affect the symptoms. 

The fundus next showed definite forward prominence in the lower, outer temporal area 
which transilluminated well. 6 months later a left uveitis developed together with an 
extensive temporal retinal detachment. The area of conjunctival congestion became 4 
yellow, oedematous, infiltrative mass. The blood count, Wassermann reaction, and Kahn 
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test were negative. The erythrocyte sedimentation rate (Wintrobe) was 23 mm./hr; the 
left globe was then excised. 

When reviewed by the author in connexion with this study 5} years after the onset of 
the left conjunctival congestion, the patient was well and active and the socket was normal. 

The right eye was normal with a visual acuity of 6/4. There was a pigmented and almost 
vertical linear scar an inch long near the left lateral orbital margin, and it was disclosed 
that, at the age of 4 years, the patient had received a penetrating injury in this region 
when he fell onto a sharply-pointed triangular piece of metal. , 

Fig. 7 shows a low-power view of the left globe of this patient, illustrating the solid 
mass of organizing granulation tissue which is indenting and invading the sclera and 
choroid on that side. The mass is fused with the lateral rectus which is involved in the 
same process. The retina is seen to be detached by a subretinal exudate. 


Fic. 7.—Case 13. Pseudotumour 
associated with old _ penetrating 
injury. There is scleral thicken- 
ing indenting the globe and 
involving the lateral rectus 
muscle. Retinal detachment is 
present. 


Histologically this granulating mass is characterized by sharply-demarcated lympho- 
cytic foci, perivascular in distribution, lying in a dense fibrous stroma diffusely infiltrated 
with chronic inflammatory cells among which eosinophils and plasma cells are prominent. 
The remainder of the choroid shows a mild focal inflammatory reaction and moderate 


Ramsey and colleagues (1948) described two cases of post-traumatic 
granuloma of the bony orbit and a third case occurring in a rib. In each 
of these three cases there had been authentic injury to the region over 20 years 
previously. Although the latent period in Case 13 was longer, the site of ' 
the old scar and the location of the ocular lesion occurring in the adjacent 
lower temporal quadrant seem undoubtedly related. 


PSEUDOTUMOUR ASSOCIATED WITH LETHAL MIDLINE GRANULOMA (WEGENER’S 
GRANULOMATOSIS) 


This rare tumour was twice diagnosed as an orbital pseudotumour from 
biopsies taken 11 months apart. It demonstrates the difficulties of 
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distinguishing lethal midline granuloma histologically from a benign o: bital 
granuloma. The following case report was presented at the Ophthalmic 
Section of the Royal Society of Medicine in 1959 (Foulds and Wear, 1961). 


Case 14.—A woman aged 35 years complained of pain in the left eye and constant 
diplopia for 3 months. — 

Examination.—The left eye was displaced upwards and laterally. A hard, painless 
swelling was palpable through the lower lid near the inner canthus. In both eyes the 
visual acuity was 6/6. The Wassermann reaction and Kahn test were negative. Chest 
and skull x rays were normal apart from some opacity of the left maxillary antrum. 
Sterile necrotic cells were obtained on left antral lavage. 

Exploratory Operation.—A large mass was found which filled the lower orbit and in- 

filtrated the inferior rectus and orbicularis palpebrarum muscles. Apart from a flat 
extension to the apex of the orbit, most of the mass was removed, with symptomatic 
relief. 
4 months later the patient had developed a total ophthalmoplegia, marked exophthal- 
mos, disc oedema, and a shallow left retinal detachment. The blood cholesterol was 
normal, but the erythrocyte sedimentation rate was raised to 54 mm./hr at this time. The 
orbit was decompressed from above and biopsy tissue again showed chronic granulo- 
matous tissue. 

One year later the left eye was blind from panophthalmitis and absolute glaucoma. 
The eye was enucleated, together with a large piece of hard, yellowish tissue which 
extended along the medial wall of the orbit to its apex. 

The orbit filled again with firm tumour tissue producing considerable pain. Two 
courses of high voltage x ray therapy to the orbit were followed by relief of pain and 
regression in the size of the tumour. A course of erythromycin was given to control 
orbital infection. 

Enlarged cervical glands, severe anaemia, and a lung abscess developed and the patient 
died just over 2 years after the onset of symptoms, the cause of death being toxaemia, 
extensive necrosis, and broncho-pneumonia with lung abscess. 

Diagnosis.—The clinical diagnosis of lethal midline granuloma (Wegener’s granulo- 
matosis) was confirmed at post mortem examination. The left orbit was by now com- 
pletely disorganized and replaced by a large putrefying abscess cavity. 


Histology 


First Biopsy SPECIMEN.—Biopsy showed a mass of fibrous tissue with numerous centres of 


inflammation in which there were lymphocytic, plasma cell, and polymorphonuclear infiltration, 
and some degree of necrosis. _A few giant cells were present, but there was no typical tubercle 
formation to suggest sarcoidosis or tuberculosis. 
Seconp Biopsy Specimen. This was taken 11 months later and was very similar to the first. 
Section showed a nodule of fibrotic tissue that had undergone marked hyalinization. Scattered 


throughout were numerous aggregations of mature lymphocytes and plasma cells, many of which 
appeared to be encircling hyalinized and thickened vessels. There was also a diffuse infiltration 


of lymphocytes, plasma, giant cells, and fibroblasts. 
POST MORTEM.—Granulomatous lesions of the same type were found in the cortex of the kidney 


and in the lung. 
In retrospect there would appear to have been several ways in which this 
lesion differed from other orbital pseudotumours: 


(1) The presence of necrotic tissue foci which have not been noted in any of the 
other cases of orbital pseudotumour. 
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(2) The presence of a raised erythrocyte sedimentation rate of 54 mm./hr. 
(3) A progressive and relentless course leading to early death. 


(4) Granulomatous lesions were found elsewhere in the body, which is not a 
feature of pseudotumour involving the orbit. 


The clinical sign of a raised erythrocyte sedimentation rate and the patho- 
logical foci of necrosis may be of help in differential diagnosis in younger 


patients. 


PsEUDOTUMOUR ASSOCIATED WITH LYMPHOMA OR LYMPHOSARCOMA 


Case 15.—A woman aged 83 complained of prominence of the left eye for 6 months. 
Movements of this eye were limited and a mass was palpable through the left lower lid. 
Orbital x rays and a full blood count were normal. Biopsy was done and when radio- 
therapy was given the proptosis disappeared. 2 years after the onset of symptoms the 
patient was well and symptom-free. The histological picture of the small biopsy specimen 
with a heavy concentration of lymphocytes was considered to be characteristic of a pseudo- 
tumour although lymphoma or even lymphosarcoma were also possible diagnoses. 


A case such as this, if bilateral, may account for some of the cases of 
bilateral pseudotumour which show a rapid response to radiotherapy. 


PSEUDOTUMOUR INVOLVING THE LACRIMAL GLAND REGION 


Case 16.—A man aged 71 years had a swelling in the region of the left lacrimal gland 
for several months. The Wassermann reaction was negative and x rays of the skull and 
chest were normal. There was no splenic enlargement or lymphadenopathy. The lacri- 
mal gland was removed but no further treatment was given. Apart from occasional 
swelling of the eyelids, the patient was symptom-free 4 years later. 


Histology.—Lying in a dense fibrous stroma there are numerous well-defined follicles of lym- 
phoid tissue showing central mitotic and phagocytic activity of the reactionary type (Fig. 8a, b). 
The fibrous septa are diffusely infiltrated with chronic inflammatory cells in which lymphocytes 
predominate. There is no evidence of normal lacrimal tissue in the section. The lesion is that 
of a chronic inflammatory reaction of unknown cause and neoplasm can be excluded. 

This is a non-specific pseudotumour of the lacrimal gland region. 


— @a) 
Fic. 8a, b.—Case 16. Pseudotumour from the 
lacrimal gland region. (a) Follicles lie in dense 
fibrous tissue stroma. No lacrimal gland 
tissue present. x8. (6) High-power view of 
centre of follicle seen in (a). 570. 
34 





530 MARGARET E. COOP 
PsEUDOTUMOUR ASSOCIATED WITH CENTRAL RETINAL VEIN THROMBOSIS 


Case 17.—A man aged 48 years complained of pain, diplopia, and swelling of left cye 
for 3 weeks. 


Examination.—The \eft eye showed conjunctival injection, slight papilloedema, and 
4-mm. proptosis, and there was diplopia on looking to the left. A solid mass was felt 
in the lower part of the orbit. 

Ear, nose, and throat examination and skull x rays were negative. The blood count 
was normal, the erythrocyte sedimentation rate 2 mm./hr, and the Wassermann reaction 
negative. 

4 months later sudden loss of vision developed because of thrombosis of the left central 
retinal vein, and at the same time proptosis was increased in amount. As a tumour was 
now also palpable in the upper quadrant of the orbit, exenteration of the left orbit was 
performed, 4 years after the onset of symptoms the patient’s condition was satisfactory. 


Histology.—The retro- 
ocular contents are com- 
pletely encased in a dense 
mass of chronic inflamma- 
tory tissue which is not only 
closely adherent to the pos- 
terior sclera but extends for- 
wards towards the upper and 
lower fornices (Fig. 9). 
Chronic inflammatory cells 
are diffusely scattered 
throughout the lesion, and 
there are also many follicle- 
like aggregations of lympho- 
cytes embedded in the inflam- 
matory mass and in the 
adjacent muscular _ tissue. 
An associated _ extensive 
thrombosis is present in the 
retro-ocular vessels and also 
in the vascular beds of both 
lids. 


In the eye there is an exten- 
sive thrombosis of the whole’ 
uveal tract, and one large and 
several small cyst-like spaces 
between the ciliary and pig- 
mented epithelium of the 
ciliary body. The retina 


Fic. 9.—Case 17. Exenteration specimen, showing exten- 
sive lid, orbital, and central retinal vein thrombosis. Retinal 
shows some oedema, and an _gedema is present. 3. 

extensive venous thrombosis 

is present with diffusely scattered haemorrhages and larger haemorrhagic extravasations 
involving all the retinal layers. There is a localized exudative retinal detachment at the 


posterior pole and some exudate is present in the vitreous space. 


Diagnosis.—Pseudotumour of the orbit with secondary thrombosis of central retinal, 
vortex, and ophthalmic veins. 
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PSEUDOTUMOUR RECURRING IN A SOCKET 


Case 18.—A man aged 45 years had had high myopia ( - 23 D sph.) for 25 years, and for 
several months the eye had been blind and painful. When proptosis developed the eye 
was enucleated. This globe showed choroido-retinal degeneration in the posterior seg- 
ment and an organized fibro-vascular plaque, probably due to organization of a haemor- 
rhage, gave choroido-retinal fusion. Otherwise the eye was normal histologically. 

6 months later, because of painful swelling in the socket, tissue was removed. This 
consisted of delicate fibro-vascular tissue only. 

14 months later, recurrence of painful swelling necessitated further tissue removal from 
the socket. This second mass of tissue was similar to the previous biopsy. 

10 weeks later the orbit had refilled with a mass of tissue, now cystic, and exenteration 
was therefore performed. The orbital tissues contained a large multilocular cyst with a 
thick fibrous wall containing delicate, oedematous fibroblastic and granulation tissue, 
cystic cavities, haemorrhages, and areas of intense small round-celled infiltration (Fig. 10). 
No bacterial, mycotic, or parasitic cause for the granuloma was demonstrable. 


Fic. 10.—Case 18. Pseudotumour recurring in a socket. 
Delicate, oedematous fibrous tissue is lightly infiltrated with 


chronic inflammatory cells. x 80. 


After exenteration, a dermo-epidermic graft of the orbit from the thigh was successfully 
done. 5} years after the enucleation, apart from a slight discharge, the orbit was normal 
and the patient well. 


Orbital Lipogranuloma 


Much of the remainder of this paper concerns the pathogenesis and 
aetiology of those orbital pseudotumours which are granulomatous in nature. 


Pathogenesis 


This is not known to have been described previously, therefore the name 
orbital lipogranuloma is suggested to distinguish this type from other 
orbital granulomata of known cause, e.g. tuberculosis, sarcoid, syphilis, etc. 
The pathological changes to be described are those of fat necrosis occurring 
in orbital tissue with resultant granulomatous infiltration, subsequent fibrous 
replacement, and eventual degenerative changes. 
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Fig. 11 shows the normal histological appearance of orbital adipose tissue 
which is divided into lobules by fibrous connective tissue trabeculae. 


Fic. 11.—Normal adipose tissue of the orbit 
divided into irregular lobules by fibrous con- 
nective tissue trabeculae. x43. 


Several cases in this series had very early exenteration, and Case 19 has 
been selected to show these typical early pathological changes, unmodified by 
treatment or surgery. 


Case 19.—In 1932 a woman aged 75 years had noticed right proptosis for 1 month. 
Because of onset of pain in the right eye and forehead, together with diplopia, she was 
admitted to hospital. 

Examination.—There was marked right proptosis, limitation of all ocular movements, 
marked chemosis, deep scleral injection, and raised ocular tension. The temperature was 
normal and the Wassermann reaction negative. X rays of her sinuses and antral lavage 
were normal and, as there was no improvement during observation, exenteration was done. 
A low-power view of the section is seen in Fig. 12. 


Fic. 12.—Case 19. Low-power view of early 
orbital lipogranuloma. Haemorrhage is pres- 
ent in the inferior rectus muscle. 
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HistoLoGy.—The histology of: orbital lipogranuloma, as seen in this and other 
cases, is now detailed. 


Alterations in Orbital Fat.—Under low power (Fig. 13a), the orbital fat showed 
areas of intense necrosis involving almost every fat cell. Under higher power 
(Fig. 13b) destruction of fat cell walls and fusion to form globules was seen. 


: Ve lS eee 

Fic. 13(a).—Case 19. Area of intense fat Fic. 13(6).—Case 19. Fusion of fat cells 

necrosis involving most fat cells. 43. producing globules. Early nodule forma- 

tion and some giant cells present. The 
trabeculae (as seen below) were little 
affected. 80. 

Fig. 14(a) shows early cytological changes of dense infiltration of the fat cells 
and globules. These cells are neutrophils, eosinophils, numerous large pale epi- 
thelioid macrophages, and a few giant cells. 

Fig. 14(b) shows detail of the area marked in Fig. 14(a); there is a central fat 
space lying within masses of pale macrophages and isolated giant cells. The darker 
peripheral zone consists of many lymphocytes and a few plasma cells. Figure 14(@) 


Fic. 14(@)—Case 19. Formation of Fic. 14(b).—Case 19. Detail of same 
nodule. x80. nodule. x 384. 
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also shows the development of a larger nodule produced by the fusion of two smaller 
ones. 

Elsewhere (Figs 13a and 15) foreign-body giant cells are seen which encircle fat 
cells or lie isolated on the circumference of the fat cell suggesting a local leakage 
of altered material which has attracted eosinophils and the foreign-body reaction. 

Fig. 15 shows detail of the cellular invasion of a fat cell by neutrophils, eosino- 
phils and epithelioid macrophages which lie within the fat space. Periplieral 
leakage is also occurring as foreign-body giant cells almost encircle the fat space. 
The giant cells are not only foreign body in type but also of the Langhans type. 
These latter were also seen in other cases of longer duration as in Fig. 16. 


Fic. 15.—Case 19. Invasion of fat cell Fic. 16.—Giant cells of the Langhans type in 

which is encircled by giant cells and another case of orbital pseudotumour. 

invaded by epithelioid cells. Polymor- 

phonuclear leucocytes, eosinophils, plasma 

cells, and small lymphocytes are also 

present. x 384, 

Not every fat cell is involved in the earliest stages and, indeed, some may remain 

unaffected even in the final stages. Away from the above characteristic and pro- 

minent changes of fat necrosis, the 
cytological appearances were modified 
as cellular infiltration became patchy 
and fibrous proliferation marked. As 
the integrity of the fat spaces was 
maintained, cellular fusion was not a 
feature here (Fig. 17). 


Fic. 17.—Case 19. Patchy areas of intense 
infiltration and moderate fibroblastic activity 
at periphery of orbital lipogranuloma. Note 
thick-walled blood Eo eee 
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In this region the inflammatory cells were predominantly lymphocytes, with 
some plasma cells and greatly reduced numbers of epithelioid macrophages, so 
that the localized lesions stained darkly with haematoxylin and eosin. Giant 
cells, polymorphonuclear leucocytes, and eosinophils were rare in these areas. 
Where mild fat necrosis was present, fibroblasts were seen in small numbers 
between individual fat cells. 

This milder but chronic and comparatively patchy process was frequently seen 
in other cases without the intense and typical changes of fat necrosis first described. 


Alterations in the Connective Tissue Trabeculae.—The cell content of the fibrous 
connective tissue trabeculae which divide the adipose tissue into lobules was 
moderately increased. This cellularity included a few eosinophils and sparse 
neutrophils, but the predominant content was due to greatly increased numbers of 
stellate fibroblasts. 

Thick trabeculae related to areas of intense fat necrosis contained inflammatory 
cells which had spread into their outer portion, but their central areas were rela- 
tively unaffected by this “overflow” infiltration. However, thin trabeculae in 
areas of intense fat necrosis were usually heavily infiltrated with inflammatory cells 
throughout their width. 


Other Changes.—All the patent capillaries showed intense congestion and 
swelling of the lining endothelial cells, while many were already occluded. These 
vessel changes were also present in the rectus muscles and in the vessels of the 
sheaths of the optic nerve, together with small focal perivascular aggregations of 
lymphocytes and plasma cells. The lumina were crowded with polymorphonuclear 
leucocytes. 

Apart from some increase in the glial content and vessel congestion, the optic 
nerve was unaffected, as were the smaller nerves. The rectus muscles retained 
their striations and showed no other signs of degeneration. Haemorrhage was 
present in one rectus muscle. 

The globe was normal apart from disc oedema and peripheral cystic retinal 
degeneration. The lacrimal gland showed light diffuse infiltration with lympho- 
cytes and plasma cells. 


Late Changes as seen in Other Cases.—The changes of orbital fat necrosis of 
Case 19, just detailed, were those of a very early lesion. Later changes were seen 
in cases with longer histories (Fig. 18a, b, c, overleaf), indicating that fibroblasts 
arose, not only from thickened trabeculae and between the fat cells but also from 
the fibrous dural optic nerve sheath. This contribution from the dural sheath was 
recognized by Hine (1922), who called his case of .orbital pseudotumour an 
“extra-dural tumour of the optic nerve”; Meadows (1945) used the term “‘fibro- 
matosis of the optic nerve sheath”’. 

In the course of time the fat necrosis process subsides, the cellular content is 
reduced to a few lymphocytes, plasma cells, and residual giant cells which lie in a 
dense fibrous stroma, and fibrous replacement occurs as the cellularity decreases. 
In the later stages, eosinophils and neutrophils are seldom seen. Only isolated 
fat spaces in the stroma are left to remind one of the former nature of the tissue 
reaction. The ultimate changes are shown in Fig. 19 (overleaf), where the inflam- 
mation is reduced to sparse chronic inflammatory and giant cells lying in degenerate 
hyalinized connective tissue. 
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(c) Langhans’ type of giant cells and other 
chronic inflammatory cells. x 80. 


Fic. 18a, b, c.—Later changes in lipogran- 
ulomatous orbital pseudotumour. 


i 


Fic. 19.—Ultimate changes of orbital 
lipogranuloma. Extensive areas of hyal- 
inization with chronic inflammatory cells 
and scattered giant cells. 100. 
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Six cases in the present study showed this hyalinization of tissue. In two of 
these, where symptoms were present for only 1 and 2 months respectively before 
biopsy, the lesion must have lain quiescent until the late stages. But four other 
patients had symptoms for a minimum of 18 months. 


Aetiology 


Hirsch (1941) stated that all writers agreed that the lipids released through 
necrosis of fat tissue stimulated formation of granulation tissue. He des- 
cribed the initial stage as focal necrosis of the fat without haemorrhage or 
inflammation, and exudates of lymphocytes, leucocytes, and polyblasts 
appearing about the focus. The fat cell membranes disintegrated, droplets 
of fat were released into the tissues, and giant cells formed along the margins 
of the lipid substances. 

Beerman (1953) confirmed that the released fat acted at first as a foreign 
body and added that necrosis of fat tissue was remarkable for its tendency to 
chronicity, extension, and the development of fibrosis. Regardless of the 
cause the pathogenesis was the same. 

These writers were studying adipose tissue elsewhere in the body, but their 
observations and conclusions may be applied to the adipose tissue of the 
orbit. 

The eyeball and other orbital structures are cushioned in fat which is 
thought to be semi-fluid during life (Whitnall, 1932). The orbital fat is 
closely related to the other orbital contents, to wide areas of periosteum, and 
to the paranasal sinuses, which have thin and frequently deficient walls, even 
in the healthy state. A large variety of lesions affecting many structures may 
thus involve the orbital fat. 

In a study such as this, one can only postulate that toxic, anoxic, and other 
processes in some way alter the fat cells, perhaps by chemical means. The 
resultant effect is the death, destruction, and disappearance of the fat cells 
followed by their fibrous replacement. 

Beerman (1953) described adipose tissue as extremely fragile. While more 
robust tissues (e.g. muscle, periosteum, etc.) subjected to noxious processes 
may be interfered with temporarily, their individual cells are not necessarily 
altered in structure. The process of fat necrosis thus depends on this greater 
fragility or vulnerability of the fat cells; these may be injured in many ways, 
_ but vascular changes and infection appear to be the most significant. 


Vascular Changes.—In this series, endothelial proliferation, obliterative 
endarteritis, and occlusion of veins and arteries have been extremely common 
histological findings, as seen in Fig. 20a, b, c (overleaf). Numerous writers, 
including Hine (1922), Benedict and Knight (1923), Williamson-Noble (1926), 
Birch-Hirschfeld (1930), Lewis (1938), Offret, Hermann, and Hervouét 
(1947), Benedict (1949), Reese (1951), and Ingalls (1953), have described 
similar pathological vascular changes associated with orbital pseudotumours. 
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(b) Occluded arteriole. 


(c) Thrombosed vein. x65. 
Fic. 20.—Vessel changes which occur commonly. 


Infection.—The close association between paranasal sinus infection and 
orbital pseudotumour was illustrated by Cases 7, 8, and 9. This association 
was also noticed by Panas (1895), Batten (1906), Benedict and Knight (1923), 
Lewis (1938), Benford and Brunner (1947), and Ingalls (1953). © Williamson- 
Noble (1954) attributed 70 per cent. of-cases of orbital inflammation to 
paranasal sinusitis. The effect of sinusitis on the eye and orbit is acknow- 
ledged by our ear, nose, and throat specialists, and Lubart (1958) discussed 
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the difficulties of demonstrating deep-seated sinus infection, which is fre- 
quently asymptomatic, and not necessarily demonstrated by radiological 
examination. 

Local Infective Orbital Lesions —These may have a direct effect on orbital 
tissues or an indirect effect from the blood vessel changes which they produce. 


Local Toxicity.—This factor was demonstrated by Case 10, in which an 
orbital pseudotumour resulted from a leaking dermoid cyst. 


Focal Infection —The production of pseudotumours where a verified source 
of gross infection elsewhere in the body coexisted with the early orbital 
symptoms was seen in Cases 5 and 6. Occlusion of medium-sized orbital 
vessels was a conspicuous feature of Case 5. 


Retained Foreign Body in Orbit.—In Case 11 retained fragments of wood 
produced a widespread proliferative orbital lesion. Stallard (1940) and 
Paufique and Etienne (1952) described comparable pseudotumours produced 
by retention of a silver style and vegetable matter respectively. 

This tendency for fibrous tissue proliferation in the orbit is seen in Case 18, 
in which there were several recurrences of pseudotumour. 


Previous Literature on Orbital Pseudotumours 
Many cases of orbital pseudotumour have been reported in the literature 
over the past century. In the vast majority the aetiology is unknown, and 
few of the reported cases have been followed over a period of time. 


The first account of orbital pseudotumour was that given by Hartung 
(1845), in a case in which orbital malignancy was also suspected by Flarer 
and Jaeger. It seems, however, that the inflammatory crises described, which 
resulted in intermittent proptosis, were probably caused by recurrent attacks 
of ethmoiditis. 

Birch-Hirschfeld (1930) reviewed thirty cases of orbital pseudotumour, 
including some of his own; he divided them into three groups: 

I. There is clinical evidence of a tumour which subsides spontaneously or 
following medical treatment with potassium iodide, mercury, arsenic, or 
quinine (10 cases). 

. There is exophthalmos and the diagnosis of orbital tumour is made. At 
operation no tumour is found and microscopy shows only chronic inflam- 
matory tissue (2 personal cases and 9 cases in the literature). 

III. There is exophthalmos and operation shows an abnormal orbital mass which 

histologically shows a chronic non-specific inflammatory mass containing 
diffuse follicular areas. 


Dunnington and Berke (1943) preferred to subdivide the third group 
described by Birch-Hirschfeld into: 


(1) Cases in which the extra-ocular muscles were chiefly or primarily involved. 
They called this chronic orbital myositis. 
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(2) Cases in which the muscles were spared and the orbital fat affected prima: ily.* 


Reese (1951), in his textbook, illustrated an histological classification con- 
sisting of five groups. These groups are chiefly from the late stages of the 
lesion. 

Chinaglia and Santelli (1953) and Paufique and Etienne (1953) have pub- 
lished papers on the subject in Italian and French with extensive biblio- 
graphies. 

Orbital pseudotumours have been attributed to a wide range of causes, 
including endocrine exophthalmos (Hogan and Dickson, 1950), paranasal 
sinusitis (Williamson-Noble, 1954), orbital cellulitis (Trotter, 1923), syphilis 
(Hine, 1922), periarteritis nodosa (Hope-Robertson, 1956; Walton, 1959), 
solitary sarcoid (Benedict, 1949), chronic osteomyelitis (Benford and Brunner, 
1947), post-traumatic granuloma of the bony orbit (Ramsey, Laws, Prit- 
chard, and Elliott, 1948), irritation from cholesterol crystals (Williamson- 
Noble, 1922), “pimple” on the face (Smetana and Bernhard, 1950), dental 
infection (Benedict and Knight, 1923), and virus infection (Chinaglia and 
Santelli, 1953), to mention but a few. 


Summary 


A clinico-pathological survey of 47 cases of pseudotumour of the orbit is 
reported; many of the cases have been traced over a number of years after 
pathological diagnosis and some are reported in detail. 

Orbital pseudotumour may present, over a variable period of weeks or 
months, in a subject of either sex from childhood onwards. The patient 
usually develops proptosis, unless the lacrimal gland region is involved, and 
may also develop pain, diplopia, irritability of the eye, chemosis, or lid 
swelling. Ptosis and intra-ocular lesions may occur. A swelling may be 
palpable in any part of the orbit and the lesion is usually unilateral. 

In routine ophthalmological practice, diagnosis is commonly achieved by 
exclusion, after carrying out ophthalmological, general medical, and otorhino- 
logical examinations, urinalysis, blood counts, erythrocyte sedimentation rate, 
Wassermann reaction, Kahn test, gonococcal complement-fixation test, x ray 
of orbit and sinuses, basal metabolic rate, and tests for tuberculosis and 
sarcoidosis. 

A positive diagnosis is made by the histological study of an adequate 
biopsy specimen. 

Pseudotumours may resolve spontaneously, or may be treated by surgical 
removal, steroid therapy, radiotherapy, or a combination of treatments. In 
the present series sulpha drugs and antibiotics were not helpful. 

The prognosis for vision and life are both good. The pseudotumours here 
reviewed were associated with orbital myositis, endocrine exophthalmos, 


——— 





* These are the orbital granulomata which are described in the present paper. 
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sinusitis, foreign body granuloma without known injury, Wegener’s granulo- 
matosis (lethal midline tumour), lymphosarcoma with a normal blood picture, 
or leaking dermoid cyst, or they followed trauma or accompanied fatal 


subphrenic and perinephric abscesses. 
Sixteen cases were of a chronic granulomatous nature. The pathogenesis 


in these cases is illustrated and discussed. It is shown that the granulo- 
matous infiltration, replacement fibrosis, and ultimate hyaline degeneration 


are preceded by fat necrosis. This process has not previously been described 
in the orbit. The name “orbital lipogranuloma” is suggested to distin- 
guish these benign lesions from other granulomata and to establish them 


as an entity. 


This investigation was made in the Pathological Department, Institute of Ophthalmology, 
University of London, during the tenure of a Shepherd Scholarship. 

I am grateful to the Director of Research, Sir Stewart Duke-Elder, for granting me facilities 
within the Institute. : : 

My thanks are due in particular to Prof. Norman Ashton, Director of the Pathological Depart- 
ment, for his encouragement and discussions during the investigation, and to the large number of 
clinicians, too numerous to mention by name, for their ready help and co-operation in the follow- 
up of the patients included in this series. 

Iam also grateful to Mr. V. J. Elwood and the Medical Illustration Department at the Institute 
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PATHOLOGY OF AN APHAKIC EYE CONTAINING 
AN ANTERIOR CHAMBER IMPLANT* 


BY 


N. ASHTON 
Department of Pathology, Institute of Ophthalmology, University of London 


AND 


J. BOBERG-ANS 
Private Ophthalmic Practice, Copenhagen, Denmark 


ONLY two pathological examinations of human eyes containing acrylic 
implants have so far been reported (Ashton and Choyce, 1959; Manschot— 
see Binkhorst, 1959). A third case is here described. 


Case Report 


Aman aged 67 years presented with cataract in both eyes. A nuclear cataract had been 
present in the left eye for some time and this annoyed him, especially when driving at 
night. There was no history of other illness. In September, 1959, an intracapsular 
cataract extraction of the left eye was performed. The cataract was extracted through a 
180° von Graefe incision, preserving a large conjunctival flap. Sutures at 10 and 12 o’clock 
were inserted before the extraction. Peripheral iridotomy at 10 o’clock was performed 
and alpha-chymotrypsin (Maw preparation) was allowed to act for 2 minutes. A further 
five virgin silk sutures were inserted subconjunctivally, a continuous suture was placed 
in the conjunctiva, and air was injected into the anterior chamber. No post-operative 
complications developed and the visual acuity of the left eye 3 weeks later was 1-0 with 
+12 D sph., 1-5 D cyl., axis 150°, with a vertex distance of 14 mm. in the trial frame and 
a diameter of the anterior chamber of 13:5 mm. The visual acuity of the right eye was 
10 with +3-5 D sph. 

On February 22, 1960, a semi-rigid, fenestrated, 13-mm. lens} was inserted into the 
anterior chamber of the left eye. The eye was opened through a 6-mm. limbal incision 
with a keratome from 2 to 5 o’clock. A 12-mm. lens was tried first but was found to 
be too short so was replaced by a 13-mm. lens. The lens rested with its point at 8 o’clock 
and its base at about 1 to 3 o’clock. Uneventful recovery with a final visual acuity 20 days 
later of 1-0 with —1 D sph., -2-5 D cyl., axis 60°. The patient was satisfied and wore 
bifocal spectacles with comfort. He now drove his car without difficulty. 


Unfortunately the patient was taken ill a month later with gastric symptoms 
and died from a malignant tumour of the stomach on August 8, 1960, 
about 54 months after the operation. The eye was enucleated 10 hours 
after death, fixed in formol saline, and sent for pathological examination. 





* Received for publication February 27, 1961. 
t Boberg design, made by Rayner, Bond Street, London, W.1. 
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Pathological Examination 
The eye was opened antero-posteriorly in an oblique line from | to 
9 o’clock as shown in the diagram (Fig. 1, Level A). The small upper nasal 
portion containing seven silk sutures was sectioned serially in paraffin wax, 
The main portion containing the lens implant was photographed and then 
immersed in chloroform to dissolve the lenticulus and was finally sectioned 
serially in celloidin. 


ad Level A 
a 


¢ . Level B 
a 


Fic. 1.—Diagram showing implant in situ and three levels at which sections are described. 


Macroscopic Examination 

The opened eye showed no lens remnants. A small quantity of opalescent 
fluffy material could be seen behind the iris in the region of the ciliary body 
and in the posterior polar region of the fundus. A posterior view of the 
iris showed that the haptic portions of the bipolar end of the implant had 
displaced the iris backwards to form two pockets of such depth as to obscure 
the ciliary processes at these points. There was no such backward pro- 
trusion of iris tissue on the opposite side. 


Microscopic Examination 

Paraffin Wax Sections of the ‘Upper Nasal Cap at level “A” showed two 
oblique operation wounds perforating the cornea on either side; these were 
almost perfectly aligned and had healed with a minimum of scar tissue 
(Fig. 2, opposite). 

In some sections fragments of silk suture could be seen adjacent to one 
of the wounds, and around this material there was only a slight reaction 
consisting of a few lymphocytes, plasma cells, and an occasional giant cell 
(Fig. 3, opposite). No eosinophils were seen. In addition to the wounds § 
the cornea showed a mild inflammatory infiltration at the limbus and some 
vacuolation in the corneal endothelium. The corneo-iridic angle, trabecular 
meshwork, and Schlemm’s canal were entirely normal. Similarly, apart 
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Fic. 2—One of the oblique operation wounds at Fic. 3.—Fragment of silk suture ad- 

level “A” showing satisfactory healing. Paraffin jacent to one of the wounds. Note that 

wax section. Haematoxylin and eosin. x 32. there is only slight inflammatory re- 
action. Paraffin wax section. Haema- 
Bere and eosin. Polarized light. 
x 11 


from iridotomy, there was no abnormality in the iris, and the severed free 
edges of the iridotomy showed no inflammatory or other tissue reaction. 
Early hyalinization of the ciliary body was present, but the remainder of 
this portion of the eye was histologically normal. 


Celloidin Sections at Level “‘B” showed the distortion caused by the 
upper haptic portion of the bipolar end of the lenticulus; here the iris root 
was acutely retroverted to form an angular pocket in which the foot of the 
lenticulus rested. Laterally the retroverted iris was opposed to the ciliary 
body, which it overlapped entirely, and was adherent to it through delicate 
hyaline adhesions containing migrated iris pigment. Some proliferation 
of the ciliary epithelium had occurred. The filtration angle on this side 
was patent, but the trabecular meshwork showed some collapse with cellular 
and pigment infiltration. On this side also a healed linear perforating 
wound could be seen in the limbal region, which was otherwise normal. 

The retroverted iris root forming the pocket of the implant was remarkably 
normal in appearance, showing only slight thinning and no fibrosis or 
inflammatory reaction. On the other hand, the inner two-thirds of the 
iris, which presumably brushed against the lenticulus in life, showed a 
pronounced fibroblastic reaction on the most prominent parts of its surface; 
into these areas pigment had migrated and there was a mild inflammatory 
infiltration throughout the iris stroma. No eosinophils were seen. The 
pigment layer of the iris was detached, probably as a result of post mortem 
degeneration, especially as the retina showed advanced autolytic changes 
in all its layers. One or two macrophages could be seen in the anterior 
vitreous and on the surface of the retina, but there was no evidence of any 


inflammatory reaction in the ciliary body, choroid, or retina. The other 
35 
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filtration angle showed no abnormality, apart from increased pigmentztion 
of the trabecular meshwork. No remnants of the crystalline lens were seen, 


Celloidin Sections at Level ‘“‘C” (Fig. 4) also showed the gross distortion 
caused by the bipolar haptic portion of the lenticulus. The iris was still 
acutely retroverted and angulated with some atrophy and pigmentary dis- 
turbance at its root. The linear limbal wound could also be seen at this level, 


Fic. 4.—Anterior segment at level “‘“C” showing distortion of the angles and 
the iris caused by the implant. Celloidin section. Haematoxylin and eosin. 
x 5. 


Fic. 5.—Higher-power view of the upper angle Fic. 6.—High-power view of Fig. 5 show- 
appearing on the left in Fig. 4. Note the angula- ing pigmentary disturbance of the iris and 
tion and acute retroversion of the iris to form a_ ciliary body, and the attenuated iris root, 
bed for the upper haptic portion of the implant. with delicate adhesions between the iris 
The trabeculae and Schlemm’s canal are normal; and ciliary body. x34. 

the linear operation wound can be seen nearby. 

There is marked atrophy and pigmentary distur- 

bance at the iris root. x15. 


being well healed and perfectly aligned, while the adjacent filtration angle, 
apart from a slightly increased cellularity in the meshwork, was widely 
patent (Figs 5 and 6). The opposite filtration angle on the other side 
showed the distortion caused by the unipolar haptic portion of the lenticulus 
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which was considerably less than on the other side; the corneo-iridic angle 
had widened through forward displacement of the meshwork, lateral dis- 
placement of the ciliary body, and backward displacement of the iris root 
which was markedly atrophic. In the adjacent tissues only a very mild 
reaction, consisting of a few scattered lymphocytes, could be seen; no eosin- 
ophils or giant cells were found (Figs 7 and 8). The remaining part of the 
iris on this side showed little abnormality apart from slight atrophy and 
some pigmentary disturbance of the pupil; in fact the iris generally was 
remarkably free from inflammatory infiltration. The other notable features 
at this level of section were the presence of retinal oedema, a cluster of 
cytoid bodies in the inner retina above the disc (Fig. 9), and a single cluster 


onde ~ ¢ 
; Fic. 8.—High-power view of Fig. 7 show- 
Fic. 7.—Higher-power view of the opposite angle ing atrophy of the iris root and the very 
showing widening through compression of the mild inflammatory reaction in the adjacent 
meshwork, ciliary body, and iris root. x15. tissues. x34 


Fic. 9.—Cluster of cytoid bodies seen in the retina above the disc. 
Haematoxylin and eosin. 170. 
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of inflammatory cells at the margin of the disc. As in the previous sect.ons 
the retina showed considerable post mortem autolysis. 


Summary of Findings 

(1) There was satisfactory healing of corneal wounds with very little 
reaction around the silk sutures which were still present. No other corneal 
abnormality was seen. 

(2) The distortion caused by the lenticulus was considerably more pro- 
nounced at the bipolar haptic end, where the iris was acutely retroverted 
and adherent to the ciliary body, than at the unipolar end, where only 
widening of the angle had occurred. 

(3) The inflammatory reaction to the implant was extremely slight and 
there was no evidence of hypersensitivity to the acrylic material. There 
was in general only a moderate degree of atrophy at the iris root on both 
sides where the acrylic lens rested, and a fibroblastic reaction on the most 
prominent parts of the iris surface. The filtration angles were patent and, 
apart from a slight increase in pigmentation, the trabecular meshwork was 
healthy. 

(4) There was some oedema of the retina and one focus of cytoid bodies 
was present near the disc. 





Comment 


It would seem likely that the retinal oedema and cytoid bodies were caused 
by the patient’s terminal illness; such lesions have in fact been reported in 
carcinoma of the stomach (Kiewe and Hart, 1951) and are probably due to 
anaemia. The changes relevant to the implant are thus confined to the 
anterior segment and show that the only significant consequences were 
distortion and atrophy of the iris roots adjacent to the haptic portions of 
the acrylic lens, for the inflammatory response to the implant was so slight 
as to be negligible and there was no evidence of any sympathetic or foreign- 
body type of reactions. 

It is interesting to compare this case, in which the implant had been present 
for 54 months, with that of Ashton and Choyce (1959), in which the implant 
had been present for only 6 weeks, and to answer some of the questions they 
raised. The degree of atrophy in the supporting iris tissue was less than in 
their case, which somewhat allays the fear they expressed that progressive 
atrophy might in time result in dislocation or displacement of the implant. 
This, however, is still a possible complication to be taken into account, for 
as can be seen in our illustrations the attenuated iris roots provide only a 
very delicate sling for the lenticulus. The threat of glaucoma from inflam- 
matory or sclerotic processes, which Ashton and Choyce could not exclude 
in their case after so short a time, now seems more remote in that there was 
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no sign of either in our case. Lastly, in contrast to the finding of Ashton 
and Choyce, there was no evidence of macular oedema and it may be fairly 
confidently concluded that this was not a complication of the lens implant 
per se. 


Summary 


The histopathological examination of a human eye containing an anterior 
chamber implant is reported and the findings are discussed. 


We should like to thank Messrs. G. E. Knight and V. Elwood for their technical assistance 
and Miss E. FitzGerald for secretarial help. 
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CASE NOTES 


ANEURYSM OF THE ORBITAL PART OF THE 
OPHTHALMIC ARTERY* 


BY 


A. MORTADA 
Department of Ophthalmology, Faculty of Medicine, University of Cairo, Egypt 


Duxe-Exper (1952) stated that orbita) aneurysms of the ophthalmic artery 
were very rare and that several of the reports lacked anatomical verification. 
Such cases were described by Guthrie (1823), Carron du Villards (1838), 
Passayant (1866), Dempsey (1886), Ritter (1887), de Vincentiis (1892), 
de Schweinitz and Holloway (1908), and Vail and Oliver (1914). 

Heimburger, Oberhill, McGarry, and Bucy (1949) reviewed the literature 
as regards intra-orbital aneurysms, and gave a short summary of six cases 
in which the diagnosis seemed reasonably sound. They reported an 
aneurysmal dilatation of the lacrimal artery removed by the transcranial 
route. Without arteriography, it seems unlikely that the diagnosis of 
orbital aneurysm can be established without operation. Angiograms were 
taken by Huber (1951) and Kinley and Leighninger (1952). 

Weakening of the arterial wall may be due to a developmental malforma- 
tion, trauma, arteriosclerotic degeneration, or a septic embolus usually 
from bacteria) endocarditis. Moore (1925) described a mycotic ophthalmic 
aneurysm which caused complete rupture of the optic nerve. 

The ophthalmic artery aneurysms described were rarely of the saccular 
variety, but rather consisted of a dilatation of the artery over a long segment. 
Pfingst (1936), who concluded that up to that date no case of saccular 
aneurysm of the ophthalmic artery had been proved, described a unilateral 
fusiform distension of the ophthalmic artery. Sanford, Craig, and Wagener 
(1935) reported a bilateral fusiform aneurysm of the ophthalmic artery 
verified by operation. There is no particular histological feature by which an 
arterial dilatation of this kind can be distinguished from a fusiform aneurysm. 

Walsh (1957) summarized the signs of aneurysm of the ophthalmic artery 
as: proptosis, optic atrophy or papilloedema, field defects, diplopia, and 
limitation of ocular movements, saying that “it seems unlikely that ocular 
pulsation is present; certainly in most of the instances pulsation signifies 
arteriovenous aneurysm”. Sverdlick and Veppo (1950) described non- 
pulsating exophthalmos associated with fusiform dilatation of the 





* Received for publication October 24, 1960. 
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ophthalmic artery. In a few of the cases described, including my own 
case, there was a pulsating exophthalmos. 

Sugar and Meyer (1940) described arteriovenous orbital aneurysm and 
divided cases of pulsating exophthalmos into the true and pseudo-pulsating 
types. Cases of true pulsation are due to carotid cavernous fistulous 
aneurysm, intra-orbital aneurysm, and (rarely) arteriovenous aneurysm 
between the internal carotid and the jugular vein. Pseudo-pulsating 
exophthalmos—not of aneurysmal origin—includes orbital angioma, orbital 
meningocele, and defects in the orbital roof. 

Involvement of the 3rd, 4th, 5th, and 6th nerves, oedema of the lids 
and conjunctiva, the arterialized pulsating angular vein, and the presence of 
a bruit suggest a cavernous-carotid communication. This is the commonest 
cause of pulsating exophthalmos. In a fistulous aneurysm, compression 
of the arterial vessel in the neck leads to a sharp slowing of the pulse 
(Branhan’s sign) and elevation of the oxygen content of the venous blood of 
the regional veins (Brown, 1929). Horton and Ziegler (1930) differentiated 
between an arteriovenous communication and an orbital aneurysm by this 
method. In orbital aneurysm the bruit is localized and less marked. Terry 
and Mysel (1934) reported pulsating exophthalmos caused by a communi- 
cating aneurysm between the internal carotid and the jugular vein at the 
entrance of the carotid canal. 

An arteriovenous aneurysm in the orbit is rare. Lansdown (1875) and 
Terry and Fred (1938) reported aneurysmal communications between the 
angular yein and the infratrochlear branch of the ophthalmic artery. A 
circoid aneurysm of the orbit giving rise to pulsating exophthalmos is rare 
(Frothingham, 1877; Kiimmel), 1918; Vail, 1949). 

An aneurysm of the internal maxillary artery filling the maxillary antrum 
and invading the orbit causing pulsating exophthalmos was reported by 
de Takats (1932), 

Differential diagnosis of the type of aneurysm in question is easily cleared 
up by an angiograph (Picchini, 1935; Taptas, 1949). 

The causes of pseudo-pulsating exophthalmos are: retrobulbar angio- 
endothelioma (Réttgen, 1950); defects in the orbital roof as in von 
Recklinghausen’s disease transmitting cerebral pulsations to the eye 
(Lewald, 1933); or hydrocephalic brain (Verbiest, 1953); traumatic hernia- 
tion of cerebrum into the orbit (Baron, 1937); orbital meningocele; mucocele 
of the sphenoid sinus (O’Shea, 1932); and thrombotic obliteration of the 
cavernous sinus (Lagrange, 1904). 

Orbital aneurysms may be treated by ligature of the corresponding common 
carotid artery. They may be approached directly by an anterior orbital, 
Krdnlein, or transcranial approach, and in suitable cases may be excised 


entirely or alternatively ligated. 
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Case Report 


A 51-year-old woman (Fig. 1) complained of headache, and pulsating exophthalmos of ‘he 
left eye of 7 months’ duration. The condition began with buzzing noises and pain in the 
left eye. 


va 


Fic. 1.—Left pulsating exophthalmos due to 
aneurysmal dilatation of orbital part of ophthal- 


mic artery. 


The patient denied any history of trauma, abortion, or rheumatic pain. She had one 
son aged 15 years. The family and past histories were without significance. Her general 
health was perfect. There were no visible angiomatous lesions. The body temperature, 
and pulse and respiration rates were normal. The heart was normal, showing no evidence 
of infective endocarditis. The blood pressure was 160 systolic and 90 diastolic. Sensa- 
tions over the face and forehead were intact. Examination for septic foci was negative. 
The angular vein was not tortuous or pulsating. 

Right Eye.-—Normal externally. Immature cataract prevented fundus examination. 
Visual acuity 1/60. 

Left Eye.—The lids and conjunctiva showed no oedema or dilated tortuous vessels. 
There was slight ptosis due to partial 3rd nerve paralysis, and convergent squint due to 
6th nerve paralysis. Corneal sensations were intact. The pupil was normal in size and 
reactions. There was limitation of outward movement but the other ocular movements 
were normal. The fundus showed arteriosclerotic changes of the retinal vessels. The 
visual acuity was 6/18, with no error of refraction. 

The exophthalmos measured 20 mm. Hertel (that of the right eye being 16 mm.). The 
eye was not tender. The eyeball was pulsating, but this was not visible, only palpable. 
A cystic pulsating cyst was present at the inner upper side of the orbit behind the angular 
process of the frontal bone, transmitting pulsations to the eyeball and lids synchronous 
with each arterial systole. Pulsations in the cyst gave to the examiner’s fingers a sensation 
of the thrust of passing blood. The pulsating cyst was not adherent to the upper lid, 
and it evacuated on pressure. A bruit could be heard with the stethoscope over the 
left eye and cystic orbital swelling. The pulsations and bruit ceased on pressing the left 
common carotid artery in the neck. 

The blood Wassermann reaction and tuberculin tests were negative. Total and 
differential blood counts, faeces, and urine examinations were normal. 

X rays of the skull were normal. The left orbit was not wider than the right. 
Sphenoidal fissures, optic canals, sella turcica, clinoid processes, and nasal sinuses 
were normal. There were no abnormal calcified shadows in the skull or orbits. 

In the lateral left arteriogram, the left internal carotid artery and its sipkon showed no 
dilatation. The left middle and anterior cerebral arteries and the intracranial part of the 
ophthalmic artery were normal. There was aneurysmal dilatation, tortuosity, and 
delayed emptying of the orbital part of the left ophthalmic artery along its whole course. 
Its diameter was approximately three times that of the internal carotid. There was no 
intracranial or orbital arteriovenous communication (Fig. 2). 

In an antero-posterior arteriogram, the aneurysmal dilated tortuous orbital part of the 
ophthalmic artery was seen as a rounded opacity present in the upper part of the orbital 
cavity (Fig. 3). An oblique skull arteriogram showed similar findings (Fig. 4). 
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Fic. 2.—Arteriogram, lateral view, showing Fic. 3.—Arteriogram, antero-posterior view, 
aneurysmal dilatation and tortuosity of | showing aneurysm of orbital part of oph- 
orbital part of ophthalmic artery. thalmic artery seen as a rounded opacity. 


Fic. 4.—Arteriogram, oblique view, showing 
opacity in left orbit due to ophthalmic artery 
aneurysm. 


Therapy.—The left common carotid artery was compressed against Chassaignac’s 
tubercle on the sixth cervical vertebra five times daily beginning with one and increasing 
to 15 minutes. There was no cerebral embarrassment such as dizziness, weakness, or 
numbness of the contralateral side of the body or affection of vision. Ligature of the 
left common carotid artery cured the pulsating exophthalmos. The aneurysm was no 
longer palpable in the orbit. 


Summary 


Pulsating exophthalmos is usually due to a carotid cavernous or orbital 
arteriovenous communication. A very rare case of pulsating exophthalmos 
due to a non-fistulous aneurysm of the orbital part of the ophthalmic artery 
is recorded. The condition began at the age of 51 with absence of history 
of trauma, syphilis, septic foci, or infective endocarditis. Evidence of retinal 
arteriosclerosis suggested the probable cause of the aneurysm. Arteriograms 
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of ophthalmic artery aneurysms are rare in the literature. Lateral, an:ero- 
posterior and oblique skull arteriograms showed that the aneurysm was not 
saccular and not fistulous, but a tortuous diffuse dilatation of the whole 
course of the orbital part of the ophthalmic artery. It was about three 
times the diameter of the internal carotid. The case was cured by ligiture 
of the common carotid. This is the first case of ophthalmic artery aneurysm 
recorded from Egypt. 
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BLINDNESS DURING STREPTOMYCIN AND 
CHLORAMPHENICOL THERAPY* 


BY 


GEOFFREY F. WALKER 
Royal National Orthopaedic Hospital, Stanmore 


ALTHOUGH the toxic effects of streptomycin on the eighth nerve are well 
known, it is perhaps not so widely appreciated that loss of vision may 
complicate the administration both of streptomycin and of chloramphenicol. 

A patient is described who became partially blind during combined strepto- 
mycin and chloramphenicol therapy and in whom streptomycin was at 
first considered to be the toxic agent. However, from a review of the 
world literature, it is evident that either drug may be incriminated. 


Case Report 


An Englishman developed leprosy of the face, hands, and feet in 1950, while living in 
India. He was then aged 24. 

In 1955 he returned to the United Kingdom and in the following years underwent 
various surgical procedures at the Royal National Orthopaedic Hospital. 

In June, 1959, when aged 34, he was admitted with a discharging ulcer on his left 
heel, and examination revealed an anaesthetic foot with an underlying osteomyelitis of 
the os calcis. - 

At this time the leprosy was controlled by 100 mg. daily of Dapsone, a drug which he 
had received steadily since 1954. 

At operation on August 4, 1959, sequestrectomy was performed and for the first time 
in his life the patient started to receive antibiotics; chloramphenicol 0-5 g. 6-hourly and 
streptomycin 0-5 g. twice daily. 

On December 21, 20 weeks later, he complained of failing vision, and said that this had 
arisen during the previous fortnight, worsening rapidly in the preceding week. He was 
having considerable difficulty in reading newsprint. 

One week later examination revealed gross impairment of vision with bilateral central 
scotomata. All chemotherapy was immediately stopped and treatment with massive 
doses of the vitamin B complex was instituted. This included Parentervite (Forte) 
intramuscularly twice a day for a week, and then daily for a fortnight, together with 
1,000 »g. vitamin B,, three times weekly for a month. He was also advised to reduce 
his cigarette consumption from a customary fifteen per day, although the findings were 
not suggestive of a tobacco amblyopia. 

By January 8, 1960, the vision was improving a little and he could watch television; 
3 days later (January 11) he was looking at pictures in books, and improvement continued 
until by January 22 he was able to read small print. 

Ophthalmological examination on January 26, 1960, one month after withdrawal of 
the drugs, revealed a visual acuity of 6/12 in the right eye and 6/9 - 1 in the left, and as 


_—— 





* Received for publication November 8, 1960. 





556 GEOFFREY F. WALKER 


the foot had healed he was discharged from hospital. He continued to take Or. vite, 
vitamin C, and Vitamin B>. 

When he was seen as an out-patient on March 2, 1960, the visual acuity had returned 
to 6/9 in each eye, and he felt he could see as well as ever. 


Discussion 
Streptomycin.—Visual complications during administration of strepto- 
mycin reported in the literature may be divided loosely into three categories: 


(1) Patients receiving streptomycin may suffer general side-effects, 
including slowness of accommodation, trembling of distant objects, and the 
continuance of image movement on turning the head (Jullien, Behague, 
Garderes, and Doncet, 1948). These symptoms are not permanent and there 
are no physical signs. Eiselt and Kloubeck (1948) reported disturbances of 
colour vision and perception in a patient receiving 2 g. daily, which cleared 
when the dose was halved; they felt this might have been due to a mild 
allergic encephalitis. Sannella (1953) reported two further cases in which 
the movement of objects persisted after passive movement of the head, but 
as this was followed by vertigo and nystagmus, involvement of the cighth 
nerve seems likely. Altenberger and Segat (1951) described a patient who 
developed papilloedema of both discs while receiving streptomycin for 
pulmonary tuberculosis; this cleared with anti-histamine therapy (Antistin), 
and they considered that an allergic reaction in the optic nerve to impurities 
in the streptomycin was likely to be the cause. 

(2) There are several reports of optic neuritis developing during strepto- 
mycin therapy for tuberculous meningitis. In many cases the drug was being 
given intrathecally, and there is some difference of opinion whether the 
neuritis was due to direct involvement of the nerve by the infection, or to the 
streptomycin. In some cases exhibition of the drug was stopped, while 
in others it was continued. 

Beissel (1949), Benhamou and Foissin (1951), Matos Sousa (1949), Jacob, 
Favory, and Maillard (1949), Lebas and Hubert (1949), Licht and Paprocka 
(1952), von Mejer (1949), and Tokavera (1956) all reported cases of tuber- 
culous meningitis treated with streptomycin, in which either the eye symptoms 
were considered not to be due to intramuscular or intrathecal streptomycin, 
or improvement followed the use of the drug. Da Pozzo (1956), in a review 
of the literature up to 1956, also concluded that streptomycin was unlikely 
to produce important ocular lesions when used in tuberculous meningitis, 
but he stressed that the situation should be watched. Monbrun and Lavat 
(1949) also quoted several authors, and again stated that streptomycin was 
not toxic to the optic nerve. 

On the other hand, Béthoux, Isnel, Cau, and Valois (1949), Pierre- 
Bourgeois, Vic-Dupont, Dubois-Verliére, and Delmas (1954), Janssen and 
Boke (1955), Boke (1955), and Janssen, Boke, and von Eicken (1956) all felt 
that streptomycin, especially intrathecally, might directly affect the optic nerve. 
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Montenegro Feijé6o (1949), Gouryanova (1954), and Schindel (1957) 
described cases of optic neuritis and atrophy in patients receiving strepto- 
mycin for tuberculous meningitis, but did not directly incriminate either 
streptomycin or the disease process. 

(3) There are reports of optic neuritis developing during streptomycin 
therapy for conditions other than tuberculous meningitis. . 

Sykowski (1951) described a patient who was given the drug for severe 
pyelitis, who on the ninth day of receiving 0-37 g. 3-hourly developed a 
retrobulbar optic neuritis with bilateral central scotomata. This luckily 
cleared on withdrawal of the drug, and in 4 months vision had returned to 
normal. 

Majumdar (1953) reported a patient with pulmonary tuberculosis whose 
vision deteriorated to 6/60 after twenty daily doses of one g. There were 
no scotomata, and the condition was considered to be probably a toxic 
neuritis due to streptomycin. 

Thomas (1950), who was looking for scotomata in patients receiving 
streptomycin, found ten in cases of pulmonary tuberculosis and one in a 
case of B. coli urinary infection. Only six, however, had noticed vague 
blurring of vision, and the scotomata, which in some instances were found 
several months after the cessation of treatment, were of small size in all but 
one patient. 

Lozinskii and Bogdanova (1958) reported a case of toxic allergic optic 
neuritis during streptomycin therapy for disseminated pulmonary tuber- 
culosis, with a rapid fall in visual acuity to zero. Almost full recovery 
occurred in 46 days after autohaemotherapy, detoxication, and 
desensitization. 

In an answer to “Any Questions” (Brit. med. J., 1957), it was admitted 
that blurring could occur from a toxic effect on the nerve, but the expert 
knew of no case in which a permanent optic atrophy had resulted from 
streptomycin therapy. 

Meyler (1952) also mentioned blindness as a possible complication of 
streptomycin treatment, but gave no details. 


Chloramphenicol.—Wallenstein and Snyder (1952) described a 24-year-old 
woman who received 2:5 g. daily for ulcerative colitis during a period of 
5 months. At this stage she developed bilateral loss of vision due to an 
optic neuritis, with severe peripheral neuritis of the lower limbs and leuco- 
penia. Discontinuance of the chloramphenicol and supportive treatment 
allowed a return of her sight in 2 months, although her legs were affected 
for ‘at least another 3 months. 

Cole, Cole, and Janoff (1957) reported a similar case in which a 44-year- 
old patient with endocarditis received 2 g. daily for 7 weeks and then 1°5 g. 
daily for 5 months. He then complained of blurred vision and was found to 
have optic neuritis with pericentral scotomata. The condition cleared in 
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one month after withdrawal of the drug and treatment with vitamin B 2nd 


Diamox. 

Lasky, Pincus, and Katlan (1953) described a 14-year-old boy who was 
given 6 g. chloramphenicol daily for staphylococcal endocarditis. At the 
completion of a 6-week course he complained of cloudy vision and the i:ext 
day was totally, blind. It appears from their report that unfortunaiely 
there was little recovery of the boy’s sight. 

Gewin and Frion (1951) reported another patient with endocarditis who 
received both aureomycin 3 g. daily for 22 days and chloramphenicol 3 g. 
daily for 33 days. This patient then complained of blurring of vision and 
was found to have enlarged bilateral blind spots. In just under a month 
from the withdrawal of treatment, vision had returned to normal. 

Harris (1950) mentioned a brief visual disturbance during the treatment 
of brucellosis with 25 g. chloramphenicol in a 10-day course. 


Dapsone.—No report of blindness following Dapsone therapy has been 
found, indeed Cochrane (1959) stated that, as a result of the discovery of the 
sulphone and cortisone groups, . . . “It can therefore be stated that blind- 
ness from leprosy should be a thing of the past, if the signs are recognized 
in time and if appropriate measures are undertaken.” 

Bucalossi (1951) emphasized the significant absence of new ocular mani- 
festations in patients with leprosy who presented none at the beginning of 
the treatment, and also the therapeutic value of sulphone in cases in which 
the lesions were still reversible. 


It now seems clear that the most disturbing, although transient, blindness 
which occurred in our patient could have been due to streptomycin or 
chloramphenicol, or even to the drugs acting together. 


Summary 


A case of transient blindness occurring during long-term therapy with 
streptomycin and chloramphenicol is described. 

The literature is reviewed. 

It is not possible to decide whether streptomycin or chloramphenicol 
acting alone or in conjunction was responsible for this unfortunate 
complication. 


Thanks are due to Mr. C. W. S. F. Manning, Dr. F. H. Stevenson, Dr. W. H. Jopling, Mr. 
D. P. Choyce, and Mr. A. J. B. Goldsmith for permission to publish this case; to the medical 
departments of the various drug houses who helped locate some of the references, and to the 
Librarian of the British Medical Association. 
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TREATMENT OF EXPERIMENTAL TRACHOMA 
IN A HUMAN VOLUNTEER* 
FINAL REPORT 
BY 


IDA MANN,+ C. H. GREER,t ann DOROTHY PERRETf 


From the Department of Public Health,t Perth, Western Australia, and the Lions National 
Research Unit} of the Victorian Eye and Ear Hospital, Melbourne, Victoria 


AS previously described (Mann, Greer, Perret, and McLean, 1960), a 
human volunteer was experimentally infected with a West Australian strain 
of trachoma virus. After the successive appearance of conjunctival hyper- 
aemia, pre-auricular adenitis, tarsal follicles, epithelial keratitis, papillary 
hypertrophy, and pannus, treatment was commenced on the 31st day after 
infection. This report completes the experiment with a brief account of the 
treatment and cure of the patient who was followed up for 93 months. 


Progress 


On the 31st day after infection, treatment was started with one tablet a day of Lederkyn 
by mouth and Aureomycin ointment locally every 2 hours during the day. Within 
24 hours all discharge ceased, the pre-auricular gland commenced to subside, and the 
limbal vessels became less engorged. 

On the 3rd day of treatment the blood column in the pannus vessels was seen to be 
interrupted. By the 6th day only one recognizable aggregation of initial bodies was 
found in the conjunctival scrapings. The patient now complained of irritation from the 
Aureomycin ointment, which was, however, continued. 

On the 7th day the pre-auricular gland was no longer palpable and the pannus vessels, 
although visible, were no longer engorged. Marked papillary hypertrophy of the con- 
junctiva persisted, but it was now possible to see (with the slit lamp) large numbers of 
tiny opaque spots under the epithelium of the upper tarsal plate and of the lower f ornix. 
These were possibly lymphocytic aggregates and the precursors of future follicles. 

On the 14th day of treatment Lederkyn was discontinued and it was necessary to 
substitute Achromycin in oil for the Aureomycin ointment because of discomfort in the 
treated eye. The pannus vessels were now almost bloodless and the upper tarsal con- 
junctiva was smooth and almost normal in appearance. Slight epithelial keratitis 
persisted. Giemsa-stained scrapings from the upper tarsal conjunctiva showed no virus 
inclusions. 

Treatment was continued with Achromycin in oil three times a day for 6 weeks, at the 
end of which time the eye was quiet and symptomless with faint speckling of the upper 
tarsal conjunctiva suggestive of early scarring. Fine punctate staining of the lower half 
of the cornea persisted. Conjunctival scrapings showed only normal epithelial cells and a 


few lymphocytes. 





* Received for publication January 6, 1961. 
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About 1 month later a small marginal ulcer appeared on the nasal side of the con- 
junctiva. This ulcer, which was not in our opinion due to trachomatous infection, 
healed within 2 months. The punctate staining in the lower cornea disappeared at 
about the same time. 

At the last examination, 94 months after treatment commenced, the upper tarsal 
conjunctiva was normal, the pannus vessels were barely visible, and conjunctival scrapings 
showed no abnormality. 


Virus isolation was attempted on the 8th and 42nd days after treatment 
commenced and at the very end of the 94-month period. The scraping 
on the 42nd day grew bacteria which killed the embryos on its first egg 
passage. Two blind passages were made in each of the other two attempts 
but no virus was isolated. Serum samples, taken at monthly: intervals 
during the 94 months of treatment, were tested for complement-fixing anti- 
bodies to the heat-stable group antigen of the psittacosis-lymphogranuloma 
venereum group of viruses, but no antibodies were detected. 


REFERENCE 
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LACRIMAL ABSCESS IN THE NEWBORN* 


A REPORT OF SEVEN CASES 


BY 


0. 0. FFOOKS 


Royal Infirmary, Sheffield 


ALTHOUGH the treatment of congenital dacryostenosis has led to controversy 
for many years, its main complication, acute dacryocystitis with formation 
of lacrimal abscess, has received little attention. 

Abscess formation in congenital dacryostenosis is rare, but is probably 
not as infrequent as reports in the literature suggest. Some cases of con- 
genital lacrimal fistula are probably inflammatory in origin (Duke-Elder, 
1952) and many cases of chronic dacryocystitis in children requiring surgical 
intervention probably originate from unsuccessful treatment of recurrent 
lacrimal abscess in infancy (Zentmayer, 1937; MacGillivray, 1939). 

Mayou (1908) reported eight cases of lacrimal abscess in the newborn, 
and since that time isolated cases have been reported by Holdsworth (1913), 
Riser (1935), Town (1943), Cassady (1948), Redmond (1949), Koke (1950), 
Blankstein (1952), and Hurd (1955). 

During the past 5 years, 440 cases of congenital dacryostenosis have been 
treated at the Children’s Hospital, Sheffield. Seven of these patients pre- 
sented with acute dacryocystitis with abscess formation. 

Lacrimal abscess in the newborn does not arise de novo. There is always 
evidence of congenital dacryostenosis before the occurrence of acute inflam- 
mation of the lacrimal sac. There may be either discharge or epiphora 
occurring shortly after birth, or an encysted mucocoele may be present at 
birth. 

Symptoms of acute inflammation usually occur within one month of 
birth, but cases of later onset have been reported (2 months, Riser, 1935; 
4 months, Koke, 1950). 

In the present series, acute symptoms occurred within one month of birth 
in all cases, and the infecting organism, where known, was S. pyogenes. 


Case Reports 
Case 1, a boy aged one month, was first seen on July 12, 1955, with a left lacrimal abscess. 
A chronic discharge from his left eye had been noticed 4 days after birth. On July 9 
his mother observed a swelling at the inner corner of the left eye which had become red 
and inflamed. 





* Received for publication August 29, 1960. 
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Treatment.—Systemic penicillin. The abscess did not settle and it was incised on 
July 15. The infection slowly resolved and the naso-lacrimal ducts were probed on 


July 25. 


Result.—There has been no discharge or epiphora since. 


Case 2, a boy aged 9 days, was first seen on December 7, 1956, with a right lacrimal 
abscess with purulent discharge. His mother had noticed a swelling in the region of the 
right inner-canthus at birth. When he was 3 days old, the swelling became red and 
inflamed and was accompanied by a purulent discharge. 

Treatment.—He was admitted to hospital and started on systemic penicillin and local 
antibiotics. On December 8 the abscess was pointing over the lacrimal sac, and the 
naso-lacrimal ducts were probed with release of a large quantity of pus. Rapid resolu- 


tion of the abscess followed, and by December 10 all signs of inflammation had dis- 


appeared and there was no discharge. 


Result.—There has since been no discharge or epiphora. 


Case 3, a boy aged 5 days, was first seen on October 2, 1957, with a right lacrimal abscess. 
Both eyes were discharging and a swelling was present near the right inner canthus at birth, 
and 3 days later the swelling became red and inflamed. 


Treatment.—He was admitted to hospital and started on systemic and local penicillin, 
and the inflammation settled without rupture of the abscess. On October 6 he appeared 
symptom-free and was discharged, but on October 14 the swelling of the right lacrimal 
sac recurred, with slight inflammation. The naso-lacrimal ducts were then probed. 


Result.—There has since been no discharge or epiphora. 


Case 4, a boy aged 1 month, was first seen on September 18, 1957, with a right lacrimal 
abscess. Epiphora from the right eye had been noted from one week of age, and 2 weeks 
later a swelling and inflammation had appeared near the right inner canthus. 


Treatment.—The abscess was incised and systemic penicillin and local antibiotics given. 
The inflammation settled slowly and by October 16 he appeared symptom-free. 


Result.—The child did not attend again, but his mother states that the eye has only 
watered once or twice during the past 3 years. 


Case 5, a girl aged 1 month, was first seen on February 12 with a right lacrimal abscess 
with purulent discharge. There had been epiphora from the right eye since she was one 
week old; at 2 weeks of age the right eye started discharging, with gradual increase in 
redness and swelling near the inner canthus. She had been treated at home with local 
antibiotic drops, but the inflammation had become worse. 


' Treatment.—She was admitted to hospital and started on systemic penicillin. The 
naso-lacrimal duct was probed on February 13. Rapid resolution followed and all signs 
of inflammation had disappeared by February 16. 


Result—There has been no further trouble and both eyes have since been free of 
discharge and epiphora. 


Case 6, a girl aged 1 month, was first seen on July 9, 1958, with an acute right dacryo- 
cystitis. She had had a discharge from both eyes since she was 3 days old. One day 
previously the right eye had become inflamed near the inner canthus. 


Treatment.—She was treated with systemic penicillin daily; by July 14 the right eye 
had become more inflamed and swollen, and on July 16 a lacrimal abscess developed. 





564 O. O. FFOOKS 


She was admitted to hospital and the abscess was incised; this was followed by :.ow 
resolution. On July 24 bilateral probing was undertaken, both lacrimal sacs were |:.rge 
and full of pus, the naso-lacrimal ducts being blocked. Discharge continued from toth 
eyes and further probing was unsuccessful. The baby was discharged from hospita: on 
August 22.. On October 9 she was re-admitted with a right lacrimal abscess, and lacriinal 
probes were passed successfully. On October 14 the right eye was symptom-free, with 
no discharge or epiphora. 

Result.—The right eye has remained symptom-free, but the left tear duct still discharges. 


Case 7, a boy aged 5 weeks, was first seen on April 15, 1960, with a right lacrimal abscess. 
He had had a discharge from the right eye since he was 2 days old. He developed an 
acute dacryocystitis when 5 days old and was treated with antibiotics. When he was 
3 weeks old, a lacrimal abscess was incised and the inflammation settled. He was dis- 
charged from hospital one week later on April 8, but 3 days later marked inflammation 
returned. 

Treatment.—He was admitted to hospital and started on systemic penicillin. The 
abscess slowly resolved and on April 21 both naso-lacrimal ducts were probed. By 
April 24 the right eye was quiet with no sign of inflammation. 


Result.—The eye has been free of discharge and epiphora ever since. 


Discussion 

Conservative treatment of lacrimal abscess with systemic antibiotics and 
incision of the abscess when necessary is usually unsatisfactory. When this 
is done, recurrence of the abscess is common, a lacrimal fistula may occur, 
and after repeated incisions the naso-lacrimal duct becomes permanently 
blocked and a dacryocystorhinostomy is required (Redmond, 1949; Blank- 
stein, 1952). If the abscess settles after incision, early probing may cure 
some cases (Riser, 1935; Koke, 1950) but surgical treatment may still be 
necessary (Blankstein, 1952). 

Hurd (1955) advocated immediate probing of the lacrimal abscess and, 
as he says, “institution of normal drainage seems logical’. The improve- 
ment in his two cases was immediate. 

The results in the present series are summarized in the Table. Where 
probing was done as an initial procedure (Cases 2 and 5) or without incision 
of the abscess (Case 3), cure was rapid. Where the abscess was incised 
initially, one (Case 4) needed no further treatment and is now practically 
symptom-free, one (Case 1) was cured easily after probing, and two (Cases 6 
and 7) were eventually cured after the abscess had recurred and a further 
probing performed. 


Conclusion 


It is suggested that acute dacryocystitis in infancy should be treated by 
early probing under cover of systemic antibiotics. Where this was done, 
resolution was rapid. The condition may clear up after incision of the 
abscess with antibiotic treatment alone, but recurrence is usual. Early 





wid) aa teokaslelel..) 


LACRIMAL ABSCESS IN THE NEWBORN 
TABLE 


TREATMENT OF SEVEN CASES OF LACRIMAL ABSCESS IN INFANTS 





Age at 
Onset 


Case 


Culture 


Initial 
Treatment 
of Abscess 


Further 
Treatment 


Result 





1 mth 


S. pyogenes 


Incised 


Probed 10 days later 


Cured after probing 





9 days 


Probing 


None 


Cured in 2 days 





5 days 


Conserva- 
tive 


Probed after early 
recurrence 


Cured immediately 
after probing 





1 mth 


S. pyogenes 


Incised 


None 


Very occasional 
epiphora 





1 mth 


Probing 


None 


Cured in 4 days 





1 mth 


Sterile 


Incised 


Probed twice unsuc- 
cessfully 

Abscess recurred 3 
wks later and was 
probed again 


Cured after final 
probing 














S. pyogenes 





Incised 





Abscess recurred 
1 week later 
Probed 





Cured easily after 
probing 





probing after initial incision of the abscess cures some cases, but the condition 


may be very difficult to cure if infection is prolonged, and may even be 
impossible. 


Summary 


Seven cases of lacrimal abscess in infancy are reported and their treatment 
reviewed. Early probing is advocated. 


My thanks are due to Mr. A. B. Nutt for permission to use his cases. 


Cassapy, J. V. (1948). 


Duke-Exper, S. (1952). 
HoLpswortH, F. (1913). 


Mayou, M. S. (1908). 


REDMOND, K. B. (1949). 


REFERENCES 
BLANKSTEIN, S. S. (1952). .A.M.A. Arch. Ophthal., 48, 322. 


Arch. Ophthal. (Chicago), 39, 491. 


“‘Text-book of Ophthalmology”, vol. 5, p. 4712. Kimpton, London. 
Ophthal. Rec. (Chicago), 22, 544. 
Hurp, A. C. (1955). J. Maine med. Ass., 46, 12. 
Koke, M. P. (1950). Arch. Ophthal. (Chicago), 43, 750. 
MacGiiiivray, A. M. (1939). Brit. J. Ophthal., 23, 630. 


Med. J. Aust., 1, 462. 

Riser, R. O. (1935). Amer. J. Ophthal., 18, 1116. 
Town, A. E. (1943). Arch. Ophthal. (Chicago), 29, 767. 
ZENTMAYER, W. (1937). Ibid., 17, 1152. 


Roy. Lond. ophthal. Hosp. Rep., 17, 246. 





Brit. J. Ophthal. (1961) 45, 566. 


MARCUS GUNN PHENOMENON ASSOCIATED WITH 
SYNKINETIC OCULO-PALPEBRAL MOVEMENTS* 


BY 


R. S. GARKAL 
Department of Ophthalmology, Irwin Hospital, New Delhi, India 


THE Marcus Gunn phenomenon is a well-known clinical entity wherein 
abnormal palpebral movements are associated with movements of the jaw. 
No record has been found in the literature of a case in which an associated 
concomitant convergent strabismus corrected itself automatically with the 
elevation of the ipsilateral ptotic lid when the jaw was opened or when 
ptosis was passively or surgically corrected. 
A case showing this congenital anomaly is described below. 


Case Report 


A female aged 16 years had a partial congenital ptosis of the left upper lid with concomi- 
tant convergent strabismus of about 15° on the same side (Fig. 1). Movements of both 
the eyes were normal. On opening the jaw or twisting the mouth to the right (i.e. to the 
opposite side), the ptosis and the squint corrected themselves (Figs 2 and 3). 


‘ses Z ce j = ‘ ; 
Fic. 1.—Pre-operative left | Fic. 2.—Marcus Gunn phen- Fic. 3.—On_ twisting the 
ptosis and convergent stra- | omenon. mouth to the opposite side, 
bismus. the ptosis and convergence of 
left eye are corrected. 
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On twisting the mouth to the left (i.e. to the same side), the ptosis and the squint 
remained unaffected (Fig. 4). 

When the left upper lid was lifted passively, the squint also disappeared (Fig. 5). 

After a Blaskovicz operation to the left upper lid, the ptosis as well as the squint was 
corrected (Fig. 6). 


Fic. 4.—On twisting the Fic. 5.—On passively lifting | Fic. 6.—After surgical cor- 
mouth to the same side, the __ the ptotic lid the convergence __ rection of the left ptotic lid, 
ptosis and convergence are _is corrected. the convergence was auto- 
unaffected. matically corrected. 


Summary 


A case is reported with unilateral congenital ptosis of the Marcus Gunn 


type with the unusual accompaniment of convergent strabismus in the same 
eye. 

Elevation of the ptotic lid was followed by the automatic correction of 
the convergent strabismus. 


I am grateful to Dr. N. S. Jain, Head of the Department of Ophthalmology, Irwin Hospital, 
for his help in the preparation of this paper. 
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WAARDENBURG’S SYNDROME* 
BY 


D. K. RAY 
County Hospital, York 


Two children, a brother and sister, were brought to the County Hospital 
Eye Clinic in March, 1958, on account of diminished visual acuity and 
peculiar facial features. Their condition was diagnosed as hypertelorism. 

On July 11, 1960, their father brought them back to the Clinic for a check- 
up; I observed a striking distribution of features of Waardenburg’s syndrome 
in the father and children, and the father stated, on further questioning, 
that his sister and nephew also had the same features. The whole family 
was examined, with the exception of the baby nephew, and some interesting 
associated features were also noted. 








2 3 
CASE 3 NOT EXAMINED 


(8 @  sus-rora syworome 


[) © ovescriseo AS NORMAL 


Case Reports 


Case 1 (II, 1), the father, aged 29 years, was emmetropic; the visual acuity was 6/6 each 
eye unaided, and the fundi were normal. He showed the following physical features: 
hypertelorism, lateral displacement of medial canthus, broad root of the nose, displace- 
ment of puncta, blepharophimosis, hypertrichosis of medial portion of eyebrow, and 
a mild degree of cleft face showing minimally at the tip of the nose. He was deaf in the 
right ear. 





* Received for publication November 14, 1960. 
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Case 2, a boy aged 5 years (III, 1), had a small degree of hypermetropia. The visual 
acuity was 6/12 each eye unaided, and the fundi were normal. He showed the following 
physical features: hypertelorism, lateral displacement of the medial canthus, broad root 
of the nose, displacement of puncta, blepharophimosis, and hypertrichosis of medial 
portion of eyebrow. He was also partially deaf. 

An associated feature was an intra-ventricular septal defect. 


Case 3, a girl aged 3 years (III, 2), had a myopia of 5 D in each eye. The visual acuity 
of 6/24 each eye with glasses and the fundi were normal. She showed the following 
physical features: hypertelorism, lateral displacement of the medial canthus, broad 
root of the nose, displacement of puncta, blepharophimosis, hypertrichosis of medial 
portion of eyebrow, and heterochromia of the iris. 


Case 4, a woman aged 25 years (II, 2), had visual acuity 6/6 both eyes, normal fundi, 
and the following physical features: mild hypertelorism, slight trichosis of the medial 


eyebrow, and a white forelock. 
Her son (III, 3), a baby born in May, 1960, was not seen, but she described him as 


jooking exactly like his cousin (III, 1). 


Summary 


A family showing Waardenburg’s syndrome is described. They all had 
normal fundi, and only one member had a visual defect caused by myopia. 
The syndrome is of embryonic fixation, with inheritance over two genera- 
tions. There was no evidence of lack of intelligence. There was an intra- 
ventricular septal defect in one child only. 


My thanks are due to Dr. B. Sheehan, Eye Department, County Hospital, York, for allowing 
me to publish these case reports, and to Prof. A. Sorsby for his suggestions. 
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Year Book of Ophthalmology (1960-1961 Series). Edited by WILLIAM F. HUGHES. !961. 
Pp. 375, 84 figs. Year Book Medical Publishers, Chicago. ($8.50). 

The “‘ Year Book of Ophthalmology”, now under the editorship of William F. Hughes, 
follows the same lines and maintains the same high standard as its predecessors. The 
usual preliminary special article, written by the Editor, treats of the management of 
uveitis. In it, Woods’s classification into granulomatous and non-granulomatous types 
is discarded and a return is made to the old anatomical classification. The treatment 
of each type of inflammation is considered on an aetiological basis; and since a propor- 
tion varying from 10 to 50 per cent. of such cases cannot be diagnosed in this sense, 
much interest is attached to the author’s ‘“‘shot-gun” therapy. For this purpose four 
‘*chemo-cocktails’”” are recommended, depending on the clinical appearance of the 
lesions. For the rest, the articles appearing in the year’s literature chosen for review are 
of wide interest and they are well annotated and illustrated. The result is an eminently 


useful small volume. 


A Study of the Achromatic Visual Functions in the Congenital Sensory Anomalies of the 
Human Eye and in some Amphibians and Reptiles. (Studie over de achromatische 
Gezichtsfuncties in de congenitale sensoriéle Anomalieén van Het menselijk Oog 
en bij sommige Amphibia en Reptilia.) By G. Verriest. 1960. Pp. 481, 98 
figs, 56 tables. Junk, The Hague. 

This is an elaborate monograph emanating from the very active clinic in Ghent which 
represents an unusual amount of detailed observation and experimental work. The 
anomalies considered in man are (in the photopic category) congenital dyschromatopsia 
of the protanopic, deuteranopic, and tritanopic types, and such categories of defective 
vision as occur with nystagmus associated with macular aplasia or vertical asymmetry 
of the visual fields, and (in the scotopic category) congenital night blindness, Oguchi’s 
anomaly, and other allied conditions. In these, the foveal and peripheral thresholds 
were investigated, the visual acuity and fields, the critical frequency of flicker, the dark- 
adaptation curve, and such entoptic phenomena as Maxwell’s spot, Scheerer’s pheno- 
menon, and Haidinger’s brushes; electro-physiological studies including the EOG, the 
ERG, and the visuo-cortical time were also carried out. The mass of evidence thus 
accumulated is analysed in terms of the duplicity theory and the relationship of the rods 
and cones to scotopic and photopic functions. Corroborative evidence is derived from 
histological and electroretinographic studies on amphibians and reptiles, the retinae of 
which have an unusual population of ods or cones and are characterized by diurnal, 
nocturnal, or arhythmic habits. Such material is difficult to find and the author has 


certainly put his opportunities to excellent use. 


Electroretinography (Das Elektroretinogramm.) By W. Straus, 1961. Pp. 200, 124 figs 
(including 1 table and 7 col. pl.). (Klin. Mbl. Augenheilk., Suppl. 36.) Enke, 


Stuttgart. (D.M. 29.50). 

This is a useful summary of our present knowledge of electroretinography from the 
experimental and clinical points of view. The book starts with a discussion of the 
physical basis of the electroretinogram and an analysis of its normal form and those 
alterations seen in experimental animals during anaesthesia, after poisoning, and after 
the intra-ocular implantation of metallic splinters. These sections are followed by an 
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elaborate description of the various alterations associated with pathological ocular 
conditions. Many of the observations are original, derived from the author’s clinic in 
Hamburg. Some of the conclusions reached might be considered somewhat contro- 
versial, but the monograph indicates the wide use being made to-day of electroretino- 
graphic records in clinical ophthalmology and suggests many potentialities for the future. 


Visual Field Defects after Penetrating Missile Wounds of the Brain. By H.-L. TEuBer, 
W. S. BaTTerssy, and M. B. BENDER, 1961. Pp. 143, 55 figs, bibl. Oxford 
University Press, London. (38s.). 

The authors studied two groups of cases: one consisting primarily of patients tested 
long after trauma, the other of patients tested soon after receiving a brain wound. 
Systematic descriptions in the report are limited to the first group, and the cases from 
the second group are adduced for purposes of additional illustration, and for comparing 
early and late effects of trauma to the visual pathways. Visual fields and visual per- 
formance were recorded for 46 men with visual field defects resulting from penetrating 
gunshot wounds of the brain. All were drawn from a series of 232 men who had sus- 
tained battle wounds of the brain, so that the 46 patients with field defects represented 
an incidence of 22 per cent. Examination consisted of routine perimetry, central field 
plotting, flicker perimetry, and evaluation of colour vision, dark-adaptation, depth per- 
ception, perception of tachistoscopically presented forms, recognition of hidden figures, 
and perception of apparent and real motion. The fundi were also examined and the 
status of the oculomotor system was assessed. 

There was a unilateral field defect in 27 cases and bilateral involvement in nineteen. 
The missiles producing the injuries were shell fragments in 39, and small-calibre projectiles 
in seven. The wound of entrance was charted on standard diagrams of the skull. The 
injury was in the occipital region in eleven cases, in the parieto-occipital in fourteen, and 
in the parieto-temporo-occipital in six. In two cases all lobes were involved. The 
remaining thirteen cases were distributed as follows: four fronto-parieto-temporal, four 
parieto-temporal, two bilateral parietal, and one each fronto-parietal, temporal, and 
parietal. Probably all the field defects described in the present monograph reflect lesions 
of the supra-geniculate pathways. The fundi were normal throughout the period of 
observation with few exceptions. There are no autopsy reports. 

All the findings are carefully analysed, and some interesting conclusions are drawn. 
The defects in the visual fields were found to be unchanged for decades. Many of the 
findings supported work which has been done in the past, but careful analysis reveals 
discrepancies in our present knowledge of the optic pathways. The varied shapes of field 
defects after penetrating wounds of the optic radiation may require a revision of current 
views regarding the intrinsic organization of this part of the central visual pathways. 
Evidence is presented which suggests that the macular fibres cannot form a distinct bundle 
coursing at intermediate height between ventral and dorsal bundles representing, respec- 
tively, the upper and lower peripheral quadrants of the visual field. At least in the 
anterior parts of man’s optic radiation, the macular fibres seem to overlap with these 
peripheral representations. 

The principal finding at variance with the majority of previous reports is the lack of 
congruence of homonymous field defects. One factor in the production of incongruent 
field defects was the tendency for defects in the nasal field to appear larger or denser on 
perimetry than the corresponding (homonymous) defect in the temporal field of the other 
eye. In addition, there was found a general lack of congruence (as to detail) in the out- 
lines of homonymous field defects, The most probable interpretation of this incon- 
gruence would be that corresponding elements in the visual system are not perfectly 
aligned, even at the level of the striate cortex. In hemianopic defects, the division 
between the blind and the seeing field rarely forms a straight line. Irregularities appeared 
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in the course of the dividing line and these were different when the two uniocular / elds 
were compared. 

Nearly all of the scotomata were negative, although their existence was not denied .fter 
the fashion of denial of blindness in diffuse cerebral disease. In everyday activities. the 
patients’ awareness of their scotomata was further diminished by the occurrence of 
completion effects. 

The shape of colour fields was generally found to duplicate the outline of fields for 
form and motion, but with a much shorter diameter. This seemed to indicate that, while 
different areas of the visual field are projected to approximately corresponding loci in 
the higher visual pathway, the various levels of visual function are not so represented. 
In support of this interpretation, the results obtained by means of flicker perimetry were 
interesting. In the presence of circumscribed field defects, there were subtle but signifi- 
cant changes in other visual functions, even in those parts of the field which seemed 
intact according to the perimetric plot. The seemingly intact half of hemianopic fields 
showed a significant reduction in the fusion thresholds for flickering light; dark adapta- 
tion was likewise impaired. Similarly, in scotomatous fields, remote effects of seemingly 
focal lesions may mean either that the lesions are more diffuse than the circumscribed 
scotomata indicate, or that the functions in all parts of the field depend upon the integrity 
of every individual part. It is impossible to decide between the two views, diffuseness 
of lesions or diffuse representation. 

The monograph represents careful and detailed work over many years, and although 
there is no all-embracing philosophy put forward to explain every finding, the authors 
believe that any theory of vision will have to take them into account. 


Correction of Subnormal Vision. By N. Bier. 1960. Pp. 231, 133 figs, bibl. Butter- 
worths, London. (50s.). 

This book offers a comprehensive account of the problems of partial sight and its 
amelioration. The various representative appliances are described together with their 
respective uses and efficiency. 

The second half of the book is devoted to clinical procedures, which are well described 
important points are stressed, but no amount of description can replace practical experi- 
ence. The illustrations are numerous and of good quality. There is an extensive 
bibliography and list of references and the index is reasonably full. 

This book is written by an experienced ophthalmic optician, and is based on lectures 
to opticians, but it could be usefully studied by all ophthalmic surgeons before they say 
to any partially sighted patient ‘‘nothing more can be done”’. 


Biomicroscopy of the Human Conjunctival Blood Vessels and Its Clinical Value (Die 
Biomikroskopie der Bulbusbindehautgefisse des Menschen und ihre klinische 
Verwertbarkeit). By V. KitreL. 1960. Pp. 80, 46 figs, 73 refs. Thieme, 
Leipzig. (D.M. 19). 

This monograph is based on the slit-lamp photography of more than 1,300 eyes. The 
camera used was the Kolpofot of a Dresden firm. No colour films were used. The 
normal and pathological anatomy of the conjunctival vessels is discussed. Spasms and 
atony of the vessels are considered as the essential primary disturbance, pathological 
granular current, aneurysms, and haemorrhages are sequelae. These changes can be 
due to an ocular condition, i.e. injury, corneal herpes, glaucoma, or a systemic dis- 
turbance. It is interesting that in herpes corneae the conjunctival vessels of the clinically 
healthy fellow eye show a similar vascular behaviour. There are different opinions 
about the value of photographs compared with drawings. The conjunctival vessels do 
not always run exactly in one plane, they may dip for a short course into a deeper plane 
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or rise to a higher level, and this three-dimensional behaviour may appear in the two- 
dimensional photograph as a narrowing or dilatation. Fundus photography is different, 
as the retinal vessels run more or less parallel to the surface. The author reports a case 
of hyperpiesia in which changes of the conjunctival vessels were present, while the retinal 
vessels appeared to be normal. This is not very remarkable, as the retinal vessels are 
more likely to give information of the condition of the internal carotid system, and it is 
known that the latter enjoys some degree of independence from the general circulation. 
It is not mentioned whether the ganglion-blocking drugs, which often have a beneficial 
effect on the retinal vessels in hypertensive retinopathy, also influence the conjunctival 
vessels. 

The author points out that biomicroscopy of the conjunctival vessels is more easily 
done, and gives the same results as microscopy of the cutaneous capillaries. The changes 
are not pathognomonic for a definite disease, they indicate only (in the same non-specific 
way as an increased erythrocyte sedimentation rate) that there is something wrong. This 
would be quite a valuable diagnostic help. One should, however, keep in mind the 
cautious statement in Duke-Elder’s text-book that ‘“‘most of the changes are not in 
themselves sufficient to establish a diagnosis, and all of them may be absent when the 
general condition is markedly present”’. 


Colour Vision. Edited by R. C. TeEvAN and R. C. Birney. 1961. Pp. 214, 67 figs. 
D. van Nostrand, London. (11s. 6d.). 

This volume contains seventeen reprints of papers or parts of papers or of books, 
published on this topic during the last 160 years. It is one of a series, designed to enable 
the student to get the ‘feel’? of experimentation by ready access to original sources. 
According to the editors, it may be of use in seminars, but they also think that the book 
“taken alone will give a student a good idea of the problem being covered and its historical 
background as well as its present state and the direction it seems to be taking’. Better 
acquaintance with the subject would reduce the editors’ pessimism. A paper-back at 
Ils. 6d., the book is hardly fair to some of the quoted authors who may have changed 
their views since their papers appeared, and less so to the reader because of some of the 
work included and omitted. How useful the book might have been if an attempt had 
been made to separate the wheat from the chaff! Hardly any comment is made to guide 
the student, no effort to induce him to inquire why, if colour vision is as cut and dried 
as some of these papers suggest, the topic is as controversial as the editors believe. When 
the splendid achievements of contemporary American experimental psychology are 
remembered, we have to ask ourselves why this book was published. Charity demands 
brevity. The book is without parallel—and without an index. 


The Eye and its Function. By R. A. WEALE. 1960. Pp. 209, numerous figs, bibl. 
Hatton Press, London. (55s.). 

This book does not pretend to be a comprehensive treatise on ocular physiology for 
the ophthalmologist but is an introduction to the function of the eye for orthoptic 
students, illuminating engineers, and others whose work is connected with visual function. 
In spite of this the trainee ophthalmologist will find the contents an excellent foundation 
in ocular physiology. The main part of the book is concerned with the physiology of 
vision, and contains much original work, presented lucidly in considerable detail and 
well up to Final F.R.C.S. standards. 

After chapters on the development and nutrition of the eye, the visual functions are 
described under the headings of visual pigments, the visual pathway, the retinal image, 
the stimulated eye, spectral sensitivity, colour vision, the function of the intra- and 
extra-ocular muscles, and binocular vision. The protective mechanisms of the eye and 
the effect of some drugs are also described. 
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The chapters on the retinal image, the effect of visual stimuli, and visual acuity are 
particularly valuable, and it is refreshing to read a chapter on colour vision which dis- 
penses with the usual emphasis on theories of colour vision and concentrates on experi- 
mental results and the physiological explanation thereof. The description of the muscles 
and their action is perhaps a little too brief for orthoptic students, but depth perceriion 
is clearly explained. Stereopsis again is not discussed quite fully enough for orthoptics 
students but the basic factors are clearly described. The physiological sections are 
enlivened throughout by an originality of approach, but the anatomical chapters are 
conventional (incidentally, the fibres to the lacrimal gland do not pass through the 
trigeminal ganglion). 

The reader may be lulled into a sense of false security by the simplicity of the wording 
at the beginning of many of the chapters only to be rudely awakened by mathematical 
and graphical formulations which require a good deal of prior knowledge to be under- 
stood. 

The style of writing is clear, although some of the more light-hearted analogies may 
be irritating to some readers. The diagrams are good and the book is clearly printed 
and well produced. 


Evaluation of Drug Therapy. Symposium on Evaluation of Drug Therapy in Neuro- 
logical and Sensory Diseases. Edited by F. M. Forster. 1961. Pp. 167. 
University of Wisconsin Press, Madison, Wis. ($4). 

The report of a Symposium held in Wisconsin University in May 1960. Pharmaco- 
logical aspects of testing and clinical trials are first dealt with and then specific conditions 
and their therapies. This book in itself is a pilot study and the main aim is not to discuss 
treatment in detail but to point the way in which greater co-operation amongst all those 
dealing with drugs from a technical and clinical basis could be achieved. 


NOTES 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 


The 8ist Annual Congress of the Ophthalmological Society of the United Kingdom 
was heid at the Royal Society of Medicine on April 13, 14, and 15, 1961, with a gathering 
of 200 guests including many distinguished visitors from abroad. 

This year’s Bowman Lecture was delivered by Ida Mann, who spoke on ‘‘Climate, 
Culture, and Eye Disease”. Her thesis was relationship of disease to the varying habits 
of climates and peoples who had been separated by the accidents of geography—a study 
that had been far too long neglected, and was becoming ever more difficult as geographical 
barriers receded and as man’s energies were being directed more and more to cope with 
his cultural rather than his physical environment. The naked influence of climate, which 
determines the nature of the food (such as the proportion of animal to vegetable matter) 
and of parasites (influencing the various insect vectors) is generally over-ridden by that 
of culture. Thus the incidence of infectious diseases like trachoma is greater in Muslim 
communities, where it is furthered by the use of cosmetics and by seasonal pilgrimages 
to Mecca through the most highly-infected countries of the world, and has relatively 
little dependence on climatic factors as such. In the same way, religion may promote 
genetic diseases by restricting inter-marriage, by encouraging eccentric habits, or by 
imposing taboos on rational treatment which are found alike in primitive tribes and in 
sophisticated Christian Scientists. Underlying anatomical factors are probably exempli- 
fied in the incidence -of convergent squint, which is found in about 2 per cent. of the 
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white population of Australia, but is apparently unknown among the intermingled 
aboriginals, in spite of the fact that these are nearly all hypermetropic. Glaucoma, too, 
is almost absent from the Australian aboriginals, in contrast to an incidence of 13-6 per 
cent. in England, the genetic basis for glaucoma being highest in isolated communities 
like Iceland. The incidence of cataract is often thought to be greater in the tropics but 
without apparent foundation; the incidence of uveitis reflects too many variable factors 
to be easily assessed—depending on the frequency of onchocerciasis and toxoplasmosis, 
etc. It is interesting that the Australian aboriginals have a surprising freedom from 
sympathetic ophthalmitis, in spite of an ample supply of untreated perforating wounds. 
Many other eye diseases also lend themselves to a rewarding geographical analysis; the 
various nutritional diseases, pterygium, pinguecula with its high incidence both on the 
bright sandy coastline of Western Australia and in the dark jungles of Brazil, and virus 
conjunctivitis which shows a very varying geographical spread. 

A Symposium on ‘‘Neovascularization in Ocular Disease” was introduced by Mr. 
Redmond Smith, who pointed out that this process may furnish an aid to diagnosis and 
may influence the course of the primary disease either favourably or adversely and modify 
the choice of treatment of the primary disease and finally require treatment itself. Prof. 
Norman Ashton dealt particularly with the retinal circulation, presenting evidence that 
a vasoformative factor may be released in retinal tissue in conditions of hypoxia not only 
in relation to normal growth but also in the abnormal vasoproliferation that occurs in 
ocular disease as well as under certain experimental conditions. The experimental 
investigation of blood-vessel growth as seen in the transparent tails of amphibian larvae 
and in a rabbit’s ear was described by Dr. A. G. Sanders. From these studies it became 
apparent that a lower oxygen content is a stimulant to the formation of new-vessel sprouts, 
and that another factor is probably elaborated from the products of cellular disintegration. 

A second symposium on ‘‘The Late Complications of Aphakia’’ was introduced by 
Mr. A. J. B. Goldsmith, who considered the development of simple glaucoma, coinci- 
dentally or from various mechanical hazards after the operative trauma; in treatment, 
external filtering operations are usually unsatisfactory, and a cyclodialysis or retrociliary 
diathermy is generally preferred. Mr. J. R. Hudson discussed the characteristics of 
retinal detachment following extraction, the prognosis, and the varied methods of treat- 
ment, and Mr. L. E. Werner discussed other late complications, illustrated by some of 
his own personal experiences. 

Fourteen other papers which were presented and discussed will appear in the Trans- 
actions of the Society. 


MoorFIELDS MEDICAL SCHOOL 


The 150th Anniversary of the founding of the teaching school at Moorfields Eye 
Hospital was celebrated on April 12, 1961, by an Open Day at the Institute of Ophthal- 
mology and at the two branches of the Hospital, during which the various departments 
arranged demonstrations of the work in progress. 

In the Experimental Research Section of the Institute Dr. H. J. Dartnall and Dr. 
C. D. B. Bridges gave a lucid and well-illustrated demonstration of visual pigments and 
their photochemical reactions, including a striking model showing the formation of an 
image by a compound eye. Dr. P. Silver’s training experiments on the visual reflexes 
of Squirrels showed how remarkably quick were the responses of these animals. Electro- 
retinography of the isolated retina and the electroretinogram of the pure-cone retina of 
the gecko were demonstrated by Dr. G. B. Arden and Dr. K.’ Tansley respectively, and 
Dr. D. F. Cole showed an elegant method for recording the electrical potential across 
the ciliary epithelium. An apparatus for determining changes in the choroidal circula- 
tion in human subjects, a new recording tonometer, and methods of calibrating indenta- 
tion tonometers were demonstrated by Dr. J. Gloster. Dr. D. M. Maurice showed how 
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the aqueous flow could be measured by fluorimetry and also demonstrated the use of 
tracer elements in studies on the cornea. A method for studying the behaviour of s-rips 
of sclera under tension was shown by Dr. A. Patterson, and Mr. E. S. Perkins der.ion- 
strated the results of electrophysiological studies in the search for pressure recepto:s in 
the eye. The characteristics of the pigment of the lens were demonstrated by Dr. D. 
Salmony. 

In the Department of Physiological Optics, Dr. R. A. Weale demonstrated the time 
relations of the blink reflex, Mr. C. M. Ruben studies on aniseikonia, Mr. N. S. Palmer 
the force required to change the dioptric power of the crystalline lens, and Mr. J. D. 
Abrams a method of measuring the resistive force of the iris diaphragm. 

In the Clinical Research Section, electroretinography and electro-oculography were 
demonstrated by Dr. G. B. Arden and the measurement of pressure in the episcleral and 
aqueous veins by Dr. A. B. Leith. Dr. Maurice’s recording tonometer was shown in 
action by Mr. W. E. S. Bain and Mrs. D. Neill demonstrated the method of clinical 
tonography. Mr. A. G. Cross showed various perimetric studies. 

The Department of Pathology had many illustrated exhibits demonstrating the 
structure, development, and metabolism of the retina by Prof. N. Ashton, Dr. C. 
Pedler, and Dr. C. N. Graymore; these included the effect of hyperoxia on the developing 
retinal vessels of the rat and rabbit and a new technique for studying retinal capillaries. 
The cultivation of mammalian and ocular tissues in vitro was demonstrated by Dr. D. R. 
Barry, and Dr. I. M. Duguid showed the clinical presentation and laboratory investiga- 
tion of Toxocara canis infestation. Mr. B. R. Jones showed the results of laboratory 
studies on trachoma and inclusion blennorrhoea and demonstrated precipitation reactions 
in Sjégren’s disease. The tanned red cell method as used to measure antibodies to lens, 
and the experimental production of endophthalmitis phakoanaphylactica, were exhibited 
by Dr. F. Martin. 

The electron microscope was demonstrated by Dr. Pedler and Mr. H. L. Fisher, and 
the Department of Medical Illustration showed teaching displays and equipment and 
techniques of ocular photography. A historical exhibition showed the development of 
some ophthalmic instruments over the past 150 years. 

At the Hospital the High Holborn Branch was open in the morning when operations 
performed by members of the Surgical Staff were televised to a lecture room with com- 
meniaries by the operating surgeons. 

Special demonstrations were given of the Zeiss Light Coagulator and of orthoptic 
cases as well as of the techniques of contact lens fitting. 

In the afternoon the City Road Branch provided a programme of operations performed 
by members of the Surgical Staff and, as in the morning session, these were televised to 
the Lecture Room with commentaries by the operating surgeons. 

The new Out-Patient Department was open for inspection. 
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SCIENTIFIC OPHTHALMOLOGY 


For a number of years the Editorial Committee of this Journal has received 
criticism from its readers that too much of its space has been devoted to the 
scientific and more academic aspects of ophthalmology and too little to purely 
clinical subjects. It is undoubtedly sad that so many of those who practise our 
specialty are content to keep themselves abreast of its practical applications with- 
out much care for the fundamental principles on which these applications are 
built. Nevertheless, it is certainly true that as he gets older and set in his mental 
habits the clinician is apt to lose touch with the scientist, and as the latter becomes 
more involved in the mysteries of the techniques of his laboratory and tends more 
and more to ascend into his own particular golden clouds, the former increasingly 
fails to appreciate his thoughts or even to understand his meaning. 

For these reasons the Editorial Committee extends a warm welcome to the 
appearance or imminent appearance of three journals which are to be devoted 
purely to the scientific aspects of ophthalmology: 

Vision Research, an international journal published bi-monthly by the Pergamon Press Ltd., 
with the following Board of Editors: T. Shipley (Miami) (Chairman), F. Crescitelli (Los Angeles), 
H. J. A. Dartnall (London), Y. Le Grand (Paris), H. Schober (Munich), and A. Sorsby (London). 
The first issue appeared in June, 1961. 


Experimental Eye Research, published quarterly by the Academic Press, the Editors-in-Chief 
being H. Davson (London) and E. A, Balazs (Boston), and the Editorial Board comprising J. H. 
Kinoshita (Boston), V. E. Kinsey (Detroit), D. Maurice (London), Louise L. Sloan (Baltimore), 
and G. K. Smelser (New York). _ With them is associated an international Advisory Board. 
The first issue is promised by the Autumn, 1961. 


Investigative Ophthalmology, to be published by the Mosby Co. of St. Louis, which is sched- 
uled to appear bi-monthly from January, 1962. This journal is sponsored by the Association 
for Research in Ophthalmology of the U.S.A. The Editor is B. Becker (St. Louis), and the Edi- 
torial Board, drawn from the Association, is as follows: J. Allen, E. Ballintine, J. Harris, M. 
Hogan, J. Kinoshita, V. E. Kinsey, I. Leopold, K. Ogle, A. Potts, G. Smelser, K. Swan, and 
L. Zimmerman. 


Up to the present time those engaged in research on the eye and vision have 
had difficulty in finding space for publication in any journal except the ophthal- 
mological journals which are essentially clinical. Now it would appear that a 
plethora of space is to be available and, indeed, if three journals are to survive in 
this relatively narrow subject, the scientists associated with the specialty will have 
to work even harder than before. At the same time, it allows a journal such as 
ours to concentrate much more on clinical material. It may be arguable if this 
is entirely a good thing, unless the clinicians subscribe to the new feast that is 
being prepared for them. Whether or not this Journal maintains its standard, of 
course, does not lie primarily with the Editorial Committee since they have per- 
force to publish papers submitted to them although they naturally reserve the 
tight of eclectic choice—and have, indeed, over recent years, always with regret 
and apologies, returned some twenty-five per cent. of such papers. It is up to 
the ophthalmologists to make good the deficiency in scientific material by sub- 
mitting a greater number of still more excellent contributions of a clinical nature. 

S. D.-E. 
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COMMUNICATIONS 


ANTHROPOLOGICAL STUDIES ON THE NATURE 
OF CYCLOVERTICAL SQUINT* 


BY 


A. URRETS-ZAVALIA, Jr., J. SOLARES-ZAMORA, AND H. R. OLMOS 


From the Ophthalmic Clinic, Universidad Nacional de Cordoba Medical School, Cérdoba, 
Argentina 


THE fact that, in cases of strabismus with a vertical imbalance, slight facial 
malformations of a definite character are consistently found has previously 
been assessed and discussed by one of us (Urrets-Zavalia, 1954, 1955). 

When, owing to an overaction of the inferior oblique, and regardless of 
whether a divergent or convergent deviation is present, elevation in adduc- 
tion, divergence on looking up, and/or convergence on looking down exist 
—as described by Urrets-Zavalia (1948a)t—a downward-slanting appearance 
of the palpebral fissures and an S-shaped contour of the lower lid margins are 
frequently seen, in association with some degree of hypoplasia of the malar 
bones which causes a more or less conspicuous flattening of the external 
and inferior orbital margins and of the upper part of the cheek. 

On the other hand, in the somewhat rarer cases in which the opposite 
motor disturbances (depression in adduction, convergence on looking up, 
and/or divergence on looking down) are due to an underaction of the same 
muscle (Urrets-Zavalia, 1948b), a mongoloid obliquity of the lid axes and a 
certain narrowing of the palpebral openings usually prevail. The cheek 
bones are then well developed and the lower lid borders appear straight 
rather than curved. 

It thus appeared that the aforementioned disturbances of the ocular 
muscles are in some way related to the accompanying disorders of the facial 
scaffolding, and that the cases of squint in which they occur are develop- 
mental in nature and result from errors affecting the growth of the first, 
pre-mandibular somite. This is why these defects, together with others due 
to a dysontogenetic process of the neighbouring structures, have been 
classified under the label of peristomodeal malformations (Urrets-Zavalia, 
1956). 

In order to ascertain whether this viewpoint was indeed justified and to 
collect some factual evidence upon which it could be substantiated or 
disproved, it was thought desirable to submit a large number of persons of 
clear-cut cranio-facial characteristics, as would be determined by a given 
racial background, to a careful screening for all possible oculomotor 





* Received for publication August 25, 1960. 
Tt Previous brief references to this had been made by Bielschowsky (1939), Anderson (1947), and Berke (1947). 
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anomalies. Among the Caucasian races a malar hypoplasia and a down- 
ward obliquity of the lid axes are, though common enough, by no means 
the rule (high cheek bones often being the patrimony of persons of white 
northern European and of Slav stock), while in certain Mongolian races an 
exaggerated development of the cheek bones with an upward slanting 
appearance of the palpebral apertures is fairly constant; it was therefore 
considered that the latter, rather than the former, should be preferred, on the 
assumption that in such races underaction of the inferior oblique would 
exceed overaction of the same muscle if our hypothesis were true. 


A first requisite of the population to be tested was that the upper facial 
structures, particularly the cheek bones, were highly developed, that the 
palpebral fissures possessed what has come to be known as a mongoloid 
obliquity, and that the eyes were narrow and almond-shaped. As these 
traits are regularly seen in marked form in only a few of the ethnic groups 
belonging generally to the yellow and the American Indian races, a careful 
selectica on the basis of these special features was needed. The material 
chosen should, in addition, be homogeneous—in so far as homogeneity goes 
in the matter of any human assemblage classed as forming a separate racial 
unit—i.e. comparatively free from blood admixtures due to interbreeding 
with other, clearly distinct, races, in this case mainly with Negro and 
European immigration currents. 

Moreover, as research work on strabismus and allied conditions is almost 
without exception conducted in children, it was felt that only persons below a 
definite age limit should be taken into account if the results were to be of 
value when compared with those elicited in other communities. Again, and 
for the same reason, since it may be supposed that the optomotor behaviour 
of young people is influenced by the educational efforts to which they are 
subjected, it is evident that either children of pre-school age or children 
attending school regularly should be considered. 

With these thoughts in mind, a scrutiny was made of every racial group 
on whose facial peculiarities precise information could be gathered. It soon 
became apparent that some of the South-American aborigines, such as the 
Quechua and even more the Aymara Indians found in Bolivia, were ideally 
suited for the contemplated mass study, in that their cephalic conformation 
corresponded well to the above-mentioned specifications. As good elemen- 
tary school facilities have now been made available to them, and attendance 
at the educational and welfare centres is compulsory, it turned out that the 
survey could be conducted in Indian children of much the same visual habits 
as those prevalent among the white races. 


Material and Method of Investigation 


As a result of this, and of the unfailing co-operation of the educational 
authorities and members of the medical profession, whose patience and endurance 
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were at times, it is feared, very heavily taxed, Bolivia was chosen as the site 0° the 
intended research. 

Of an estimated population of 3,700,000, scattered over an area of 1,470,04. sq. 
kilometres, only some 150,000 are pure white, mostly of Spanish origin, and 
350,000 are mestizos, the remaining 3,200,000 being native American Indians, 
From the ethnic and the philological points of view, these may be regarded as 
belonging to three distinct groups (Fig. 1). 
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Fic. 1.—Approximate distribution of main ethnic groups in Bolivian 
territory. 1. Aymara, 2. Quechua, 3. Guarani. 
The Guaranis, who are related to the meridional Tupian tribes and dwell in the northern 
and eastern tropical forests and swamps traversed by several large tributary streams of 
the Amazon river, such as the Beni, the Mamoré, and the Guaporé. 


The Quechuas, who inhabit the oriental slopes of the Andes and the southern stretch 
of the Altiplano (the high meseta which occupies the western part of Bolivia); their 


ancestors constituted the dominant element in the Inca Empire. 
The Aymaras, who live in limited numbers in the northern two-thirds of the Alti- 


plano, in the west-central section of the country; their forefathers developed an advanced 


pre-Inca culture. 
Although the Guarani and germane races exhibit a marked development of the 
massif facial (as may be seen in the excellent photographs illustrating the report 


of Belfort Mattos (1958) on some visual aspects of the Brazilian Indians), they aré 
thinly disseminated over extensive and mostly unwholesome areas where little of 


no transportation exists and five in a most primitive manner; this made them less 
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promising material than the Quechua and Aymara races which, besides being 
equally or even more suitable from the morphological point of view, are in 
permanent and relatively close contact with civilization. 

A route was planned to include several towns and villages, some belonging to 
large mining developments, where the Indians are concentrated in compact social 
units. Transportation by special rail and car service was secured through the 
assistance of several public and private organizations. Tupiza, Telamayu, 
Atocha, Quechisla, Catavi, and Warisata were thus visited in succession over a 
period of about 5 weeks (Fig. 2). 
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Fic. 2.—Map of Bolivia, showing route and places Visited. 


The altitude, varying from 3,005 to 4,400 m. (Tables I and Il, opposite), was often a 
cause of acute discomfort, chiefly in the form of severe analgesic-resistant head- 
aches, and of dyspnoea, probably due to hypoxia. 

Only children who regularly attended an elementary school, or were under the 
6-year age-limit were examined, in a total number of 4,615. A thorough investiga- 
tion of all possible latent or manifest deviations in the primary position and eight 
cardinal directions of gaze, both at 5 m. and at 33 cm., was carried out. Whenever 
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"TABLE I 


GEOGRAPHICAL DISTRIBUTION OF CHILDREN OF GROUP I, IN WHICH ALL 
CASES OF MANIFEST OR LATENT OCULOMOTOR ANOMALIES WERE 


CONSIDERED 





Piace 


Altitude (m.) 


| Number of Cases 


——. 





Tupiza 


Telamayu 


Atocha 


Quechisla 


ie 
2658 
3,460 


1,324 
549 


216 





Total 


2,089 





TABLE Ii 


GEOGRAPHICAL DISTRIBUTION OF CHILDREN OF GROUP II, IN WHICH 
ONLY CASES WITH A MANIFEST DEVIATION IN AT LEAST ONE OF THE 


CARDINAL POSITIONS OF GAZE WERE CONSIDERED 





Place 


Altitude (m.) 


| Number of Cases 





Catavi 


Warisata 


3,734 
4,400 


2,137 
389 





Total 





2,526 








possible, the prism-screen test was used; only in infants was the position of the eyes 
estimated by means of a study of the corneal reflexes. A careful search was made 
for such reactions to occlusion (innervational phenomena) as latent nystagmus, 
cyclodeviations on covering the fixing and non-fixing eye, and alternating hyper- 
phoria. The influence—if any—of head-tilting was also noted, and the near point 
of convergence was measured. 
With respect to the facial characteristics, special notice was taken of the four 

following points: 

(1) The degree of development of the medial and the lateral aspect of the zygo- 

matic bones; 

(2) The obliquity of the palpebral fissures; 

(3) The shape of the lid margins; 

(4) The interpupillary distance. 


In order to assess quantitatively the magnitude of the existing slant, a ruler was 
held flat and horizontally against the patient’s forehead in such a way that the 
projection of its lower edge coincided with the highest of the four canthi; the 
apparent distance of the other canthi from the lower edge of the ruler was then 
reckoned in millimetres. Thus, for example, 0/-—3/-—4/0 meant that the right 
inner commissure was 3 mm. below, and the left internal commissure 4 mm. 
below, a line passing through both external lid angles. As parallax errors would 
strongly influence such rough estimates of palpebral obliquity, the observer’s eye 
had to be kept level with the eyes of the subject, and the head of the latter had to 
be maintained in an erect position. 
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Anthropometric measurements of the sort used by Jéhr (1953) and by Grab 
(1956) in the study of cases of hypertelorism and of blepharophimosis were con- 
sidered of no immediate practical consequence in the present investigation. 

The media and fundi were examined, and the refraction determined, under one 
per cent. cyclopentolate hydrochloride (Cyclogyl) cycloplegia in all patients 
suffering from a motor disturbance, and the visual acuity measured with full 
correction. ' 

Of all the collected data, however, only those considered to have a direct bearing 
upon the problem in hand are presented in this paper.* 

In order to be in a better position to appreciate the racial background of the 
affected cases, the national origin and place of birth of the four grandparents of 
each were traced. As migrations are relatively uncommon among such sedentary 
peoples as the Quechua and Aymara, this usually involved no special difficulties. 

In a first group of 2,089 children examined in Tupiza, Telamayu, Atocha, and 
Quechisla, and who belonged predominantly to the Quechua family, all cases with 
a manifest or latent deviation of the visual axes, including one instance of pure 
alternating hyperphoria, were listed (Table I). Ina second group of 2,526 children 
examined in Catavi, where a strong Aymara influence was already apparent, and 
in Warisata, where the population was exclusively of Aymara extraction, only 
those cases showing a manifest deviation in at least one of the cardinal positions 
of gaze were taken into account (Table II). 


Results 
In confirmation of what had already been observed by A. Solares (1957), 
the comparative rarity of oculomotor disturbances in the material investi- 


gated became evident from the start (Table III). 


TABLE III 
INCIDENCE OF OCULOMOTOR ANOMALIES IN GROUPS I AND II 





Deviation 





Manifest 
In at Least One | In the Primary 


Position of Gaze Position 








Per cent. 


No. 


Per cent. 


No. 


Per cent. 





I 
II 


2,089 
2,526 


2:63 
0-28 


29 
1 


1-39 
0-04 


20 
6 


0-96 
0-24 
































In Group I, comprising 2,089 children, 55 (2-63 per cent.) exhibited a 
muscular imbalance of some kind; of these, only 49 (2-35 per cent.) showed 
a manifest deviation in at least one of the main positions of gaze, the devia- 
tion in the remaining six being latent. If only cases of manifest, permanent 
or intermittent deviation in the primary position are considered, however, 


_ 


* The remainder, partly or in full, will be sent on request to other writers engaged in investigations on similar subjects. 
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the number of affected cases falls to twenty (0-96 per cent.). The nui-iber 
is still further reduced if the three white strabismic children who happ: ned 
to be included in this group are subtracted from the total number and irom 
the number of manifest deviations in the primary position, which ‘hus 
becomes seventeen (0-81 per cent.). 

In Group II, comprising 2,526 children, only seven (0-28 per cent.) shcwed 
some oculomotor disturbance, and only six (0-24 per cent.) had a manifest 
deviation in the primary position. The seventh had a unilateral ptosis and 


showed exotropia on looking up. 


Group I.—These patients showed a manifest or latent deviation. In the 
following classification they are arranged in an esotropia-orthotropia- 
exotropia* gradation, according to the severity and the complexity of the 


deviation? : 


(1) Two cases (Te 1 and Te 3) had a constant esotropia in the eyes-front position, 
which remained unaffected on looking up and down. In one, weakness of the 
left inferior oblique was present, and in the other no imbalance of the vertically- 
acting muscles was observed. Both showed markedly mongoloid facies. 


(2) One case (Te 8) showed a permanent esotropia in the primary position which 
diminished on looking down and increased on looking up. No individual 
muscular disturbances seemed to be present, but the child was only 2 years old 
and cooperation was poor. The facies was markedly mongoloid. 


(3) Two cases (Tu 7 and Tu 21) presented a permanent esotropia in straight- 
forward gaze; the deviation diminished markedly on looking down and 
became more conspicuous on looking up. One case showed a unilateral, and 
the other a bilateral, underaction of the inferior oblique muscle. Both showed 
a markedly mongoloid facial development. 


(4) One case (Qu 2) exhibited only a slight permanent left hypotropia in the 
primary position, to which a moderate exotropia was added on looking down and 
a moderate esotropia on looking up. An underaction of the left inferior oblique 
and an overaction of the left superior oblique were clearly seen on dextroversion. 
A mild degree of alternating hyperphoria was likewise present. The facies was 
markedly mongoloid. 


(5) Four cases (Tu 3, Tu 15, Tu 36, and Tu 41) were nearly orthophoric in the 
primary position, but displayed a latent divergent deviation on looking up, and a 
latent convergent deviation on looking down. One had no discernible individual 
muscular disorders, two showed a bilateral overaction of the inferior oblique, and 
one showed an overaction of the right inferior oblique, together with a pronounced 





* The term orthotropia is used to designate the condition wherein the 4 are straight when uncovered, irrespec- 
tive of whether or not a latent deviation may be brought about by any of the dissociating devices. 

t For the sake of expediency all non-functional disturbances of the vertical muscles (as opposed to clearly innerva- 
tional disturbances, which vary not with the position of gaze but with occlusion of the non-fixing eye or with placing 
a dark glass in front of the fixing eye) will be described wherever pee in terms of overaction or underaction of the 
inferior oblique muscle. It must be understood, however, that this muscle may not always be primarily at fault: an 
overaction might be secondary to a weakness of the homolateral superior oblique or the contralateral superior rectus, 
and an underaction might be secondary (through inhibitional paresis) to a weakness of the contralateral antagonist, 
i.e. the inferior rectus of the opposite eye (Urrets-Zavalia, 1948-, 135u, 1952). 
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weakness of the homolateral superior oblique. In this last case, by tilting the 
head upon a sagittal axis towards the left shoulder, the vertical imbalance almost 
disappeared; conversely, on tilting the head towards the right shoulder, the right 
eye assumed a still higher position. In all four, the facies was mongoloid. 


(6) 27 cases were orthotropic in the primary position and on looking down, but 
showed an insurmountable exotropia on looking up (Tu 8, Tu 9, Tu 11, Tu 12, 
Tu 13, Tu 14, Tu 16, Tu 18, Tu 19, Tu 20, Tu 22, Tu 24, Tu 26, Tu 30, Tu 32, 
Tu 34, Tu 35, Tu 38, Tu 39, Tu 40, Te 2, Te 4, Te 6, Te 7, Te 9, Te 10 and Te 11). 
In most of these, a moderate to marked exophoria was present in the primary 
position. In only five were there no visible signs of vertical imbalance (one had, 
however, a right palpebral ptosis); twenty showed a bilateral overaction of the 
inferior oblique, and two a unilateral overaction of the inferior oblique, which 
was associated in one with marked weakness of the homolateral superior oblique 
and with a clear effect of head-tilting (Bielschowsky’s sign). All these patients had 
well-defined mongoloid traits. 


(7) In three cases (Tu 10, Tu 29, Tu 31), an intermittent exotropia was noticed 
in the primary position; the exodeviation became permanent and more marked in 
elevation, whereas in depression the eyes were orthophoric in one case, and 
permanently orthotropic—though still slightly exophoric—in the other two. Inall 
these cases a bilateral overaction of the inferior oblique was present. All three had 
mongoloid facies. 


(8) In one case (Qu 3), there was a permanent right exotropia and hypotropia in 
the primary position and on looking up; on looking down the deviation, though 
still present, became less marked. The left inferior oblique was found to be 
moderately overactive. No torticollis was present; yet on tilting the head towards 
the right shoulder the vertical deviation increased, whereas it first decreased and 
then disappeared as the head was tilted towards the left shoulder. The facies was 
mongoloid. 

(9) One case (Qu 1) had a permanent alternating exotropia in the primary posi- 
tion, which did not vary on looking down but increased markedly on looking up. 
A conspicuous though clearly asymmetrical overaction of both inferior oblique 
muscles was present. A coarse, irregular, pendular horizontal nystagmus existed, 
which became more pronounced on covering the right eye, but remained unaltered 
on covering the left eye and also on conjugate deviation towards one side or the 
other. There was severe bilateral fundus damage due to old chorio-retinitis. 
The visual acuity with glasses was only 0-2 ineach eye. The facies was mongoloid. 


(10) In three patients (Tu 1, Tu 2, Tu 23), a permanent exotropia was seen, 
which increased on looking up and diminished on looking down. Two had 
bilateral overaction of the inferior oblique, one of them with alternating hyper- 
phoria; in the third case, no individual muscular disorders were detected. All three 
had mongoloid facies. 


_ (11) In two pure white patients (Tu 5 and Tu 17), the children of European 
immigrants, a permanent esotropia was found in the primary position. In one, the 
defect decreased on looking up and increased on looking down, and in the other 
the deviation did not vary on looking down but decreased on looking up. Both 
had a unilateral overaction of the inferior oblique muscle. 
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A further patient (Tu 27), who could be desvribed as 75 per cent. white (q ad- 
roon) and who showed no obliquity of the palpebral fissures, was orthotrop’: in 
the primary position and on looking up; on looking down, however, he sho wed 
a permanent alternating exotropia. There was an underaction of the left inft rior 
oblique and a slight positive (right/left) vertical phoria, which disappearec. on 
tilting the head towards the right side and became more pronounced on tilting the 
head towards the left. 

As will be seen presently, the 48 cases listed so far—of which the firsi 45 
were of pure Indian blood—all fall into clear-cut categories. To tiem 
must be appended an additional 7, which seem to represent either exceptions 
to the general trend or instances of basically different entities: 


(12) In one case (Tu 6), a permanent alternating esotropia existed in the primary 
position, which did not vary on looking up but disappeared on looking down. A 
slight overaction of the right inferior oblique was present. The child was of 
mixed parentage and could be considered 50 per cent. white, but the facies was 
mongoloid. 

In a second case (Te 5), a left esotropia and hypertropia were present in the 
primary position. No change was seen on looking up, but on looking down 
there was a marked exaggeration of the esotropia. There was an overaction of 
the left inferior oblique, with an apparent weakness of the homolateral superior 
oblique. The facies was mongoloid, although this patient also was a mestizo 
(50 per cent. white). 

In a third case (Tu 37), there was a permanent right esotropia in the primary 
position which decreased on looking up and increased on looking down. There 
was bilateral overaction of the inferior oblique. The child also was a mestizo 
(50 per cent. white), but features were only slightly mongoloid. 

A fourth case (Tu 28) showed an intermittent alternating exotropia in the 
primary position, which decreased on looking down and increased and became 
constant in looking up. There was overaction of the right inferior oblique. The 
patient, who was the offspring of pure-white parents, suffered from a mild form 
of Crouzon’s cranio-facial dysostosis; her malar development was poor and her 
palpebral fissures slanted downwards, the lower lid margins showing an S-shaped 
contour. 

A fifth case (Tu 25) was orthotropic in the primary position and on looking 
down. Looking up caused permanent exotropia. No individual muscular weak- 
ness was found. The child was a mestizo (50 per cent. white). The facies could 
not be said to be of any definite type, and there was no obliquity of the palpebral 
fissures. 

(13) In one case (Tu 4), in which the eyes were constantly orthotropic, even in 
extreme vertical excursions, and no individual muscular disturbance existed, an 
alternating hyperphoria, though no latent nystagmus, appeared with the screen 
test. The patient was of pure Indian blood with mongoloid facies. 

In a second case (Tu 33), a moderate right esotropia and hypertropia existed in 
the primary position; in elevation and in depression the horizontal deviation dim- 
inished markedly. A slight overaction of the right inferior oblique, and an even 
slighter underaction of the left inferior oblique, were detected. The child was of 
pure Indian blood with mongoloid facies. 
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Group II.—The seven patients in Group II all exhibited a manifest 
deviation in at least one of the main positions of gaze; the findings are 
arranged in sequence according to the same eso-ortho-exo progression: 


(1) In one case (Ca 4), a permanent alternating esotropia was present in the 
primary position, which did not vary on looking up but decreased markedly on 
looking down. The left inferior oblique was moderately weak. A bilateral, fine, 
jerky horizontal nystagmus was seen in the primary position, the fast phase 
being directed towards the side of the fixing eye. On uniocular occlusion, the 
thythmic movement became more pronounced, as it did on maximum dextro- 
or laevoversion. The child was of pure Indian blood with markedly mongoloid 
facies. 


(2) One patient (Ca 6) had a permanent right esotropia in the primary position. 
This did not alter on looking up, but first decreased and finally gave way to an 
exotropia as the eyes moved downward. There was an underaction of both 
inferior obliques, more marked on the right side. Alternating occlusion resulted 
in elevation and extorsion of the covered eye, and in a slight intorsion of the 
fixing eye. No spontaneous torticollis was present; yet, when the head was 
tilted towards the right shoulder, the right eye was seen to assume a somewhat 
lower position, and on tilting the head towards the left shoulder, there was an 
upshoot of the right eye. The patient was of pure Indian blood with conspicuously 
mongoloid facies. 


(3) In one patient (Wa 1), who suffered from a right palpebral ptosis, orthotropia 
(104 exophoria) was present in the primary position and on looking down. On 
looking up, a pronounced constant exotropia appeared. The right inferior 
oblique was markedly overactive. The child was of pure Indian blood with 
mongoloid facies. 


(4) In one case (Ca 3), an intermittent alternating exotropia existed in the 
primary position, which did not change appreciably on looking up but became 
less pronounced and appeared less frequently on looking down. The eyes 
remained at the same level in all directions of gaze. 

In a further case (Ca 2), there was a permanent right exotropia, which was un- 
changed on looking down but increased markedly on looking up. Again, no 
imbalance of the vertically acting muscles could be detected. Several deep-seated 
corneal opacities existed in the right eye which had eccentric fixation. Both 
Ca 2 and Ca 3 were of pure Indian blood with mongoloid facies. 


(5) One case (Ca 1) had an intermittent left exotropia in the primary position and 
on looking down; on looking up, the deviation increased markedly and became 
constant. A bilateral overaction of the inferior oblique muscle existed. The 
patient was pure Indian with mongoloid facies. 


(6) One last case (Ca 5) showed a slight permanent left exotropia in the primary 
position, which diminished a little on looking up and increased greatly on looking 
down. There was a gross underaction of the right inferior oblique and a moderate 
underaction of the left inferior oblique, as well as alternating (occlusion) hyper- 
Phoria. Tilting the head towards the right shoulder caused an upshoot of the 
left eye to appear, but tilting the head towards the left shoulder had no visible 
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effect upon the position of the eyes. Like all the other cases in Group II, ‘iis 
patient was of Indian parentage with mongoloid facies. 


Discussion 


As may be seen from the above presentation, most of the patients in 
whom a latent or manifest horizontal deviation of the visual axes was 
present exhibited some sort of imbalance of the vertically-acting muscies. 
As this consisted more often in a unilateral or bilateral overaction of the 
inferior oblique than in an apparent weakness of the same muscle, the 
results would seem at first glance to differ from those usually found in the 
Caucasian races only in that the number of the recorded exodeviations is 
inordinately large when compared with the number of the esodeviations. 

When, however, the nature of the vertical imbalance encountered in each 
case and the divergent or convergent character of the eventually coexisting 
horizontal deviation (Subgroups 1-10 of Group I, and Subgroups 1-5 of 
Group II) are correlated, the following facts emerge to form a rather typical 
pattern (Fig. 3, opposite): 

(i) In cases in which an esotropia or esophoria exists in the primary 
position, some degree of symmetrical or asymmetrical underaction of the 
inferior oblique prevails as the apparent cause for the depression in adduc- 
tion, the relative convergence on looking up, and/or the relative divergence 
on looking down, which are usually also present. 


(ii) In cases in which an exotropia (either intermittent or permanent) or 
exophoria is observed in the primary position, a symmetrical or asymmetrical 
hyperfunction of the same muscle ordinarily exists, as indicated by the 
associated phenomena of elevation in adduction, divergence on looking up, 
and/or convergence on looking down. 

(iii) In cases in which the eyes are orthophoric, or very approximately so, 
in the primary position, but which show a latent or manifest deviation on 
looking up or down, the tendency seems to be for an overaction of the 
inferior oblique to predominate, with the attending phenomena of diver- 
gence on looking up and convergence on looking down. 

On the other hand, in patients of white European stock, in whom malar 
hypoplasia causes the palpebral fissures to have a downward-slanting 
appearance, an overaction of the inferior oblique is generally associated 
with esotropia, and underaction with exotropia (Fig. 4, overleaf ). 

Thus, the statement of Crone (1954) that “esotropia is generally surso- 
adductory” and that “exotropia is almost always surso-abductory”’* prob- 
ably depended upon the fact that his own cases were of pure Caucasian stock 
and is valid only on that supposition. The same may be said of the assertion 
of Jampolsky (1957) that an increase in exodeviation on looking down, and a 





__ * It would be better to speak of a deorsum-adductory rather than a sursum-abductory tropia, for the abducted eye, 
if not markedly amblyopic, is always used for fixation in extreme latero-version, so that the vertical movement affects 
the opposite adducted eye. 
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Fic. 3.—Schematic representation of state of affairs prevailing in strabismic patients with mon- 
goloid facies where a vertical imbalance exists in association with a horizontal deviation. Note 
the mongoloid obliquity of the palpebral fissures and the straightened contour of the almond- 
shaped lid margins; the more or less marked hyperplasia of the malar bones referred to in the 


text is not shown. ; . ote : 
(A) If an exotropia is present in the primary position (2), further divergence on looking up (1), 
relative convergence on looking down (5), and elevation in adduction (3, 4) are seen, as the 


result of an overaction of the inferior oblique muscles. 

(B) When an esotropia is present in the primary position (2), convergence on looking up (1), 
divergence on looking down (5), and depression in adduction (3, 4) are seen, apparently as the 
result of an underaction of the inferior oblique muscles. 


bilateral overaction of the superior oblique, are most commonly observed 
in association with divergent strabismus, and also of the observation of 
Shekter (1955) that a relatively high incidence of weakness of the inferior 
recti is to be found in exotropia. 


In confirmation of this, special mention must be made of the two strabismic 
children of European parentage included in Group I (Subgroup 11), who had 
antimongoloid facies and showed a unilateral overaction of the inferior 
oblique with an esotropia which decreased on looking up (in both) and 
increased on looking down (in one). A further case in the same subgroup, 
assessed as 75 per cent. white, whose face was of no definite type, showed a 
unilateral weakness of the inferior oblique with orthotropia in the primary 
position and exotropia on looking down. 





590 A. URRETS-ZAVALIA, JR., J. SOLARES-ZAMORA, AND H. R. OL: ‘0S 


Fic. 4.—Schematic representation of state of affairs prevailing in strabismic patients with a 
Caucasian type of facial development where a vertical imbalance exists in association with a 


horizontal deviation. 


Note the antimongoloid obliquity of the palpebral fissures and the S-shaped lower lid margins; 


the malar hypoplasia referred to in the text is not shown. 
(A) When an esotropia is present in the primary position (2), divergence on looking up (1), 
convergence on looking down (5), and elevation in adduction (3, 4) are seen, apparently as the 


result of an overaction of the inferior oblique muscles. 
(B) If an exotropia is present in the primary position (2), convergence on looking up (1), further 


divergence on looking down (5), and depression in adduction (3, 4) are seen, as the result of an 


underaction of the inferior oblique muscles. 


Two well-defined forms of the syndrome consisting of a horizontal 
Strabismus combined with a vertical non-dissociated deviation may thus be 


established, according to: 
(a) The vertical changes suffered by the reciprocal position of the eyes as they 


rotate on a vertical axis; 


(6) The variations te which the horizontal relationship of both visual axes ale 
subjected as they move around a transverse line; 


(c) The different morphological features of the upper facial structures (Fig. 5, 
opposite). 
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Fic. 5.—Composite drawings, made from a large number of photographs, showing the main 


features of (A) non-mongoloid and (B) mongoloid types of facies. 
Note the markedly different degree of malar development, the obliquity of the palpebral fissures 


peculiar to each type, and the corresponding curve of the lid borders. 


It must not be thought for one moment, however, that just because in 


cases with clear-cut mongoloid or antimongoloid features the disturbances 
encountered in the sphere of the vertically-acting muscles are nearly 
always of a distinct class, every case with similar motor defects will 
display such facial traits. In the light of what has been observed in 
squinting children with unmistakable mongoloid or antimongoloid features, 
one might suppose, however, that motor anomalies of a comparable kind, 
though more or less confined to the extra-ocular muscles, lie at the root of 
cases of A and V eso- and exotropia which show no visible obliquity of the 
palpebral fissures, where the facies is of no definite type. 

From the large proportion of cases with an overactive inferior oblique 
found in the present series, one might be tempted to assume that the same 
vertical disturbance exists in both Caucasians and mongoloids, the difference 
being that in the former a trend to convergence, and in the latter a trend to 
divergence, of the visual axes results from some secondary factor, such as 
the refractive status or the disposition of the orbital axes. That this is not 
so is demonstrated by the fact that, in the less frequent cases showing 
underaction of the inferior oblique, the tendency for the horizontal deviation 
to be either convergent or divergent seems to work in the opposite direc- 
tion, with a regular propensity towards esotropia in mongoloids and towards 
¢xotropia in Caucasians. 
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It could also be argued that what really counts is the horizontal deviat on, 
and that the vertical imbalance is merely a secondary phenomenon, the 
sursum- or deorsum-adductorial character of which is determined by the 
facial structure. This point is fully discussed elsewhere (Urrets-Zavalia, 
1960); it need only be said here that several of the cases here reported (Sub- 
groups 4, 5, and 6 of Group I, and Subgroup 3 of Group ID) exhibited no 
deviation whatever in the primary position. This makes it difficult to aitri- 
bute the existing vertical disturbance to a lateral tropia, since none existed. 
On the other hand, the dissociating influence of a primary vertical imbalance 
may cause the eventual appearance of a horizontal strabismus through forces 
which would otherwise have been kept in check by the normal compulsion 
to bifoveal fixation. 

In at least a large number of cases, the vertical disturbances frequently 
coupled with horizontal strabismus (although variously attributed to pure 
innervational influences, to a secondary contracture of the oblique muscles, 
to an irregular insertion of the horizontal recti, or to the long-standing dis- 
sociation of the eyes brought about by a lateral deviation) must accordingly 
be regarded as due to a primary, anatomically-determined imbalance of the 
vertical muscles. Other, mainly innervational, anomalies may be added, 
as reactions to the dissociation occasioned by the primary defect, and the 
more so since the disruption of the binocular mechanism usually appears 
early in life in the more critical stages of development. 

As shown by some of the cases described, all five constituents of both 
varieties of the syndrome described (over- or underdevelopment of the malar 
bones, mongoloid or antimongoloid obliquity of the palpebral fissures, a 
characteristic curve of the lid margins, relative convergence or divergence 
of the visual axes on looking up or down, and elevation or depression of the 
adducted eye) may be variously combined in incomplete forms. 

Paradoxical or “against the rule” cases are also sometimes encount- 
ered. These were considered to be rather frequent (Urrets-Zavalia, 1956) 
before the interrelationship between the type of the existing cyclovertical 
disturbance and that of the facial structures was made clear by the present 
investigation, but now appear to be fewer in number. Thus, in one patient 
(Tu 6, Group I, Subgroup 12), the right inferior oblique was overactive 
although the facies was mongoloid, an esotropia existed, and the visual 
axes diverged on looking down. 

In four other patients (Te 5, Tu 37, Tu 28, Group I, Subgroup 12; Ca 5, 
Group II, Subgroup 6), both the underaction or overaction of the affected 
muscles and the changes observed in the horizontal deviation on looking up 
and down were opposite to those which would have been expected according 
to the facies. Three of these children, however, were of mixed descent, 
despite the fact that the facial development was mongoloid, and the fourth, 
who was white, had a slight cranio-facial dysostosis (reminiscent of Crouzon’s 
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disease). In a fifth child (Tu 25, Group I, Subgroup 12), who was a mestizo, 
the facies was of no definite pattern. 
In the two cases belonging to Group I, Subgroup 13, the oculomotor 


anomalies seemed to bear no demonstrable relationship to the fact that the 
children were of pure Indian blood with mongoloid facies. 


The two main varieties of the syndrome just referred to represent only a 
basic norm, from which sporadic deviations are not rare; on no account, 
however, should the exceptions be allowed to overshadow the fact that 
this basic norm exists. 

In this whole series there was not one instance of intermittent esotropia 
of a distinctly accommodative nature, where no vertical imbalance existed 
and where the deviation present in the primary position disappeared both 
on looking up and on looking down (a sign frequently seen in the cases of 
purely accommodative, periodic, convergent strabismus which can be cor- 
rected with glasses). Nor were there any instances of the truly concomitant, 
constant horizontal deviations so frequent in the Caucasian races, with no 
apparent vertical defect, in which looking up and down had no effect on 
the position of the eyes. This suggests that the absence of cases unquestion- 
ably attributable to an accommodative factor may be partly responsible for 
the low overall incidence of strabismus in the Indian races studied. 

The absence of such cases may, in turn, be due to the fact that there are, in 
these races, lesser amounts of hyperopia than are usually found in the white 
races. Since the frequency with which abnormal degrees of hyperopia are 
associated in the white races with poor malar development cannot be merely 
due to chance, the existence of some connexion between these defects ought to 
be suspected. The reason for high hypermetropia is to be sought, it seems, in 
a failure of the mesoblastic layers encircling the optic cup to differentiate 
properly in response to the growth of the retina. When the defect has a 
more extended influence and involves the surrounding visceral mesoderm, 
malar anomalies, palpebral obliquity and even more remote somatic aber- 
tations will appear (Urrets-Zavalia, 1956). 

The evidence presented suggests that, in some children, regardless of 
whether a horizontal deviation appears as a secondary and often misleading 
feature, a peculiar imbalance of the vertically-acting muscles exists which 
manifests itself differently in the mongoloid and non-mongoloid types 
of facies. When the visual axes happen to remain parallel in the primary 
position, a unilateral or bilateral overaction of the inferior oblique prevails 
in both mongoloids and antimongoloids (though less consistently in the 
former, in whom an underaction of the inferior oblique is occasionally 
encountered) as the apparent cause for the accidentally observed elevation 
in adduction, divergence on looking up, and/or convergence on looking 
down. In patients with an associated convergent deviation in the primary 
Position, the vertical disturbance varies in accordance with the skeletal 

38 
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pattern: underaction of the inferior oblique (or overaction of the supei ior 
oblique) will be found in the mongoloid, and an overaction of the infe. ior 
oblique (or underaction of the superior oblique) in the antimongoloid type 
of facial development. Conversely, in cases with an associated divergent 
strabismus, an overaction of the inferior oblique is seen in the former type of 
facies, and an underaction of the inferior oblique in the latter type. 


It even appears that, in one and the same case, a hyper- or hypoactivity 
of a given muscle may become manifest as (spontaneously, in the course of 
time, through surgical interference with the horizontal muscles, or through 
other therapeutic measures) the visual axes shift from an eso- to an 
exotropic position, whereby they have to pass through a neutral point where 
no vertical disorder exists. As this neutral point is approached, the vertical 
anomaly observed in either the convergent or the divergent position will 
become less and less conspicuous and will finally disappear, only to reappear 
and increase again, although in the opposite sense, once that point has been 
passed (Fig. 6, opposite). 


In the mongoloid type of facies, this transitional point seems to lie a 
little nasal to a sagittal plane passing through the centre of rotation of the 
eyeball, while in the non-mongoloid type, it lies a little temporal to this 
plane. 


This would necessarily mean that, although the existence of the vertical anomaly 
is independent of the existence of a horizontal deviation, the presence and degree 
of the latter may influence the apparent severity of the former. In the light of 
the present findings, the explanation previously advanced (Urrets-Zavalia, 1956) 
of why the importance of the vertical defect alters with the changes in the degree 
of the horizontal deviation, appears to be considerably strengthened. 


The precise nature of this imbalance of the obliques and of the vertical 
recti is not yet known. Although the clinical picture apparently warrants 
the conclusion that a weakness of certain vertically-acting muscles develops 
in certain circumstances, and that the character of this weakness depends 
upon the type of facial structure, there seems to be no valid reason to think 
that this weakness is due to a paralysis in the proper sense of the word. 


Summary 
Amongst a total 4,615 Quechua and Aymara Indian children in whom 
malar hyperplasia was the cause of an upward, or mongoloid, slant of the 
palpebral fissures, only 62 were found to suffer from an oculomotor dis- 
turbance. In most of these, some imbalance of the vertically-acting muscles 
was present, in addition to a latent or manifest horizontal deviation. When 
the nature of the vertical imbalance was correlated with the divergent or 
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Fic. 6.—Diagrammatic representation of the prevailing vertical anomalies (described in terms 
of overaction or underaction of the inferior oblique muscle) seen in (A) antimongoloid and (B) 
a pti facies, according to the eventually convergent, parallel, or divergent position of the 
visual axes. 

The dotted vertical lines stand for the sagittal plane passing through the hypothetical centre of 
rotation of the eyeballs. 

The solid vertical line shows the approximate situation of the neutral or transitional point lying 
between the positions in which an overaction or an underaction of the inferior oblique is seen. 

The area between the two lines corresponds to the narrow area of variability due to occasional 
slight changes in the position of the neutral point. 


convergent character of the horizontal deviation, the following typical pat- 
tern was observed: 


(i) Where an esotropia or esophoria existed in the primary position, some 
degree of symmetrical or asymmetrical underaction of the inferior oblique pre- 
vailed as the apparent cause of the depression in adduction, the relative convergence 
on looking up, and/or the relative divergence on looking down. 


(ii) Where an exotropia (either intermittent or permanent) or an exophoria existed 
inthe primary position, a symmetrical or asymmetrical overaction of the inferior 
oblique was usually associated with elevation in adduction, divergence on looking 
up, and/or convergence on looking down. 

(iii) Where the eyes were orthophoric, or very nearly so, in the primary position, 
but showed a latent or manifest deviation on looking up or down, there was a 
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tendency towards overaction of the inferior oblique, associated with divergence on 
looking up and convergence on looking down. 


In the white races, on the other hand, where malar hypoplasia may 
cause the palpebral fissures to have a downward slanting, or antimon- 
goloid, appearance, an overaction of the inferior oblique is usually 
associated with esotropia, and an underaction of the inferior oblique with 


exotropia. 
The evidence presented seems to warrant the conclusion that, in some 


children, irrespective of whether a horizontal deviation appears as a secon- 
dary and often misleading feature or not, there is an abnormality of the ver- 
tica!ly-acting muscles which manifests itself differently in the mongoloid and 
the non-mongoloid types of facies; and that, in at least a substantial number 
of cases, the vertical anomaly is due to a primary, anatomical imbalance 
of the vertically-acting muscles. 


If we managed to stand up to the stress of our appointed programme, it was only thanks to 
the following persons, and to the institutions they represent, who helped us in planning our 
journey and carrying it out: Dr. Aniceto Solares (Professor of Ophthalmology, Universidad de 
Chuquisaca), Dr. José de la Via (Chief Medical Officer, Hospital Telamayu), Dr. Rafael Torricos 
and Mr. Enrique Rozo (Chief Medical Officer and Superintendent of the Ferrocarril Villazén 
Atocha), Mr. Arturo Saunero (General Manager, Empresa Minera de Quechisla), Dr. Juan 
Pefiarrieta (Chief Medical Officer, Empresa Minera de Catavi), Dr. Néstor Orihuela (President, 
Confederacién Médica Sindical Boliviana), and Dr. Javier Pescador. To them all, and to the 
many others who made us the object of an unvarying kindness, goes our deeply felt gratitude. 
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A NEW CLINICAL FORM OF HETEROCHROMIA OF 
THE IRIS WITH PIGMENTATION OF THE SCLERA 
AND PIGMENTARY GLAUCOMA* 


BY 


Vv. CAVKA 
Beograd, Yugoslavia 


THE significance of pigmentation of the anterior segment of the eye in the 
development of glaucoma, especially in the area of the trabecula of the 
chamber angle, has been studied by many authors. 

von Hippel (1901) considered that glaucoma was due to obstruction of 
the chamber angle with pigment (Hanssen, 1923). Levinsohn (1908) micro- 
scopically established infiltration of the chamber angle by pigmented granules. 
The corneal pigment spindle (Krukenberg, 1899a, b), as well as pigmenta- 
tions of the anterior surface of the iris, anterior capsule of the lens, zonular 
fibres, vitreous body, and chamber fluid, were all included in the analysis 
of the symptomatology of pigmentary glaucoma. 

Among the older authors, Koeppe (1916a, b), in his clinical and micro- 
scopic findings, stressed the importance of pigmentation in the anterior 
sector of the eye in the development of glaucoma. In cases in which the 
intra-ocular pressure was not yet increased, he used the term pre- 
glaucomatous condition. Other authors who contributed to the study of 
this problem include Kraupa (1917), Hanssen (1923), Koby (1927), and Vogt 
(1930). Sugar (1940) mentioned finding pigment in the chamber angle in a 
case of chronic glaucoma. Sugar and Barbour (1949) described the clinical 
picture of pigmentary glaucoma. Later authors included Calhoun (1953), 
Bick (1957), Malbran (1957), Scheie and Fleischhauer (1958), and van Beu- 
ningen (1959). 

It is thought that the following cases of heterochromia of the iris represent 
acertain link with pigmentary glaucoma: 


Case Reports 
Case 1, a man aged 53 years, from Osijek, was examined in November, 1958. 

Right Eye.—There was slight pigmentation on the posterior surface and in the centre 
of the cornea. The iris was greyish-green and there were spots of pigment scattered 
over the surface of the iris and tiny pigmented naevi. At the same time there was a slight 
ectropion of the uvea and visible spots of pigment on the anterior capsule of the lens. 
Other findings in the eye were 
normal (Fig. 1). 


Fic. 1.—Case 1, aged 53 years, 
heterochromia of the iris with 
Pigmentary glaucoma in both 
eyes. 





* Received for publication September 1, 1960. 
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The visual acuity was 6/15, and with +1 D sph. it was 6/6. 
The intra-ocular pressure was 30 mm. Hg., and 38 mm. Hg. after provocation. 


Gonioscopy showed that the corneal angle was unobstructed, and the pigmentatic.a of 
the trabecula was medium. Translumination showed no changes. 


Left Eye.—Apart from diffuse pigmentation of the sclera in the lower portions, tiere 
was a definite Krukenberg spindle on the posterior surface of the cornea with small dots. 
The chamber fluid showed no cellular elements. The iris was dark brown in colour with 
marked pigmented layers which, in the pupillary zone for a width of 2 to 3 mm., gave the 
impression of continuous pigmented granules, while in the other portions they presented 
as layers of pigment of the naevoid sponge-like form. The iris was consequently thicker 
than normal so that the normal structure was not visible at all on the surface. Bio- 
microscopically this marked pigmentation presented the type of intensively-developed 
hypertrophy not only of the pigmented granules but also of the pigment cells. There 
were numerous tiny pigmented dots on the anterior capsule of the lens. The papilla 
showed a glaucomatous excavation and a pigmented conus temporally. 

The visual acuity was 6/30, and with +1-5 Dsph. it was 6/10. 

The field of vision was concentrically narrowed by 40° to 50° for red and white. 

The intra-ocular pressure was 50 mm. Hg. 

Gonioscopy showed intensive pigmentation of the trabecula with pigmentation of 
Schwalbe’s line. Translumination of the iris and ciliary body showed no changes. 

All clinical and laboratory findings were normal. 


Case 2, a child aged 3 years from Kragujevac, was examined in November, 1959. The 
eyes were seen to be of different colours (Fig. 2). 


Fic. 2.—Case 2, aged 3 years, 
the darker right eye shows mela- 
notic changes of the sclera with 
hyperpigmentation of the iris. 


Right Eye.—There was pigmentation of the sclera in the temporal and upper portion, 
and tiny pigmented dots on the cornea from the centre of the cornea downwards in the 
form of a triangle with the point turned upwards. The iris was dark brown with intensive 
pigmentation all over the anterior surface. The pigmentation was partly granulated, 
forming insular foci with intensive hypertrophy of the pigment, so that the iris presented 
a thickened structure throughout its surface with no visible normal structure. On the 
anterior capsule of the lens there were numerous tiny pigmented spots. The fundus 
along the papillary edge showed a circumferential pigmented conus, while ophthalmo- 
scopically the pigmented layer of the retina was overdeveloped with intensively pigmented 
fundus. The visual acuity was impossible to determine. 
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The intra-ocular pressure was 45-8 mm. Hg. 

Gonioscopy showed intensive pigmentation of the trabecula reaching Schwalbe’s line. 
The chamber angle was uneven because of pigmented lumps. Translumination of the 
iris and ciliary body showed no changes. 


Left Eye-—The cornea showed no pigmentation. There were tiny pigmented dots 
in the iris, in some places scattered all over the surface. The anterior capsule of the lens 
showed dotted pigmentations but to a much lesser extent than in the right eye. There 
was no pigmented conus on the fundus. 

The visual acuity was impossible to determine. 

The intra-ocular pressure was 35-8 mm. Hg. As the child was very restless, it was 
not possible to perform a tonography. 

Gonioscopy showed less marked pigmentation of the trabecula, and the iris and ciliary 
body showed no changes. 

Iridencleisis of the right eye had already been performed; on this occasion a small 
section was taken for examination. Microscopically unusually intensive pigmentation 
of the iris tissue was established, individual cells showing intensive pigmentation (Fig. 3). 


Fic. 3.—Case 2, showing diffuse and granulated pigmentation of the iris 
with many pigmented cells in the stroma of the iris (haemalum x 300). 


Case 3, a man aged 50 years from Gospic, was examined in November, 1959. 


Right Eye—There were melanotic changes of the sclera in the lower and temporal 
portion, and there was a Krukenberg corneal spindle. There were tiny dotted pigmenta- 
tions on the anterior capsule of the lens. The iris showed dark pigmentation of the 
entire surface with slightly marked irregular pigmented granulations, and the structure 
as a whole was thickened. The normal structure of the iris surface had completely 
disappeared. There was a pigmented crescent on the temporal side of the disc. 

The visual acuity was 6/6. 

The intra-ocular pressure was 20 mm. Hg and 22 mm. Hg after provocation. 


Left Eye-—There was no Krukenberg spindle; the iris was light brown in colour. 
Other findings were normal. 

The visual acuity was 6/6. 

The intra-ocular pressure was 20 mm. Hg and 23 mm. Hg after provocation. 

Gonioscopy showed on the right marked dotted pigmentation of the trabecula up to 
Schwalbe’s line. On the left side the pigmentation was poorly defined. 








V. CAVKA 









600 


Translumination of the iris and ciliary body showed nothing abnormal. 
Radiography of the head and spine was normal. 





































Case 4, a man aged 49 years from Mitrovica, was examined in March, 1959. 

Right Eye.—There was a corneal Krukenberg spindle; the iris was greyish green, with 
a little fine pigment on the surface of the iris, and the iris structure was normal. Other 
findings were normal. 

The visual acuity was 6/6. 

The intra-ocular pressure was 18-5 mm. Hg and 23 mm. Hg after provocation. 

Gonioscopy showed slight trabecular pigmentation. 

Left Eye-——The Krukenberg spindle was more marked than in the right eye. The a 
chamber fluid was normal. The iris showed intense pigmented hypertrophy in the form 
of sponge-like confluent pigmentation, and there was also hypertrophy of the pigment of — 
the granular type so that the surface of the iris had lost its normal structure. There were 
numerous pigmented spots on the anterior capsule of the lens, and a glaucomatous | 
excavation of the disc. ea 

The visual acuity was 4-5/60 and the field of vision was concentrically narrowed. ‘ 

The intra-ocular pressure was 54:2 mm. Hg. ; 

Gonioscopy showed strongly marked pigmentation with granular and dotted forms. 
Translumination of the iris and ciliary body was normal. 

Melanin and melanogen were normal. 

Radiography of the head and spine was normal. 


wt 


Fu 


Case 5, a child aged 7 years from Sarajevo, was examined on April 13, 1959. dice, 


Left Eye.—The lower portion of the sclera showed pigmentation in the form of spots. as 
There was a Krukenberg’s corneal spindle. The iris was darker brown than the other fy.” 
eye with hypertrophic pigmented changes and slight thickening. Examined under the biom 
biomicroscope this pigment hypertrophy was seen in the form of diffuse pigmented layers, pigm 


and no granular structure could be discerned. On the anterior capsule of the lens (Fuct 
dotted pigment was more marked in the left eye. On the disc nasally and temporally symp 
a pigmented crescent was seen, while the fundus was more strongly pigmented as a whole. the < 

The visual acuity was 5/60, and with +3 D cyl., axis 85°, it was 6/24. later 


The intra-ocular pressure was 20 mm. Hg and 23 mm. Hg after provocation. : 
Gonioscopy showed strong pigmentation of the trabecula, more lightly marked in the genite 
area of Schwalbe’s line. are nc 


Right Eye.—There was superficial slight dotted pigmentation on the surface of the iris. Th 
The visual acuity was 5/60, and with +2 D sph., +0-5 D cyl., axis 90° it was 6/10. ( 





The intra-ocular pressure was 18 mm. Hg and 20 mm. Hg after provocation. with | 
Gonioscopy showed trabecular pigmentation. pigme 
Translumination of the iris and ciliary body was normal in both eyes. hypert 
Clinical and laboratory findings were normal. ducti 0 
Melanin and melanogen were not found in the urine. angle 
Radiography of the head and spine was normal. : 
cells cl 
Review of Findings It is 


The chief facts are assembled in Table I (opposite). The pigmentation of J hypert 
the trabecula was in all cases in keeping with the intensity of the pigmented tions i 


hypertrophy of the iris, the latter being thickened to about one-fifth to J ocular 
one-quarter above its normal size. Only in Case 5 was the trabecular eye. ¢ 


pigmentation less intense in the more pigmented eye. Intra-0 
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Intra-ocular pressure even by provocation. 
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TABLE I 
GENERAL CHARACTERISTICS OF FIVE CASES OF HETEROCHROMIA OF 
THE IRIS 
Increased 
‘on Intra-ocular More Dotted More Intensive 
Tees Age Pressure Pigmentation Pigmentation 
No (yrs) on Anterior in Chamber 
. Capsule of Angle of 
Lighter | Darker | Lighter | Darker Darker Eye Darker Eye 
Eye Eye Eye Eye 
1 53 + ++ No Yes + a 
2 3 - ++ No Yes + = 
3 50 + ++ No No + + 
4 49 + + + No Yes + + 
5 : = ++ No No ot + 


























Furthermore, translumination of the iris and ciliary body in both eyes 
showed normal findings and in no sector was it possible to establish even 
incipient atrophy of the tissue, by this method, with a diascleral lamp, or 
biomicroscopically. As already mentioned, in all these five cases with 
pigmentary glaucoma, there were no symptoms of heterochromia with cyclitis 
(Fuchs) nor any symptomatic heterochromia. Aill tests to elicit an altered 
sympathetic apparatus, either locally in the eye or in the cervical portion of 
the spine, remained negative. Considering that the history recorded 
heterochromia of the iris from birth, we consider this anomaly to be con- 
genital and different from ordinary heterochromia of the iris in which there 
are no pathological symptoms of the eyes as were established in our cases. 


These five cases of a hypertrophic-pigmented form of pigmentary glaucoma 
with heterochromia of the iris present a new clinical picture of hyper- 
pigmentary glaucoma, which is most probably due aetiologically to congenital 
hypertrophy of the pigmented layer of the iris leading to a considerable pro- 
duction of pigment on the anterior surface of the iris and in the chamber 
angle. It is possible that hypertrophic changes had occurred in the pigment 
cells close to the ciliary processes. 


It is especially significant that in these five cases, apart from pigmented 
hypertrophy on the darker eye together with intensive pigmented accumula- 
tions in the area of the whole trabecula up to the line of Schwalbe, the intra- 
ocular pressure was markedly higher in the darker and more pigmented 
eye. Only in Cases 3 and 5 was it not possible to establish an increased 
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The symptoms are classified in Table II. 
TABLE Il 


CLASSIFICATION OF SYMPTOMS IN HETEROCHROMIC EYES 





Lighter Eye Darker Eye 





No melanotic changes on the sclera Melanotic changes on the sclera 
Krukenberg spindle of the cornea non- | Krukenberg spindle of the cornea more 
existent or slightly marked marked 
Only dotted pigmeniation on the iris Intensive hypertrophic granular and 
naevoid pigmentation of the iris 


Slight or medium pigmentation of the | Intensive pigmentation of the trabecula 
trabecula 


Pigmented crescent of the disc non-existent Vay marked pigmented crescent of the 


1SC 
Intra-ocular pressure normal or only Intra-ocular _ Pressure more or less 
slightly increased intensively increased 


Translumination of both eyes normal 








Discussion 

According to these symptoms we managed to establish a new clinical form 
of heterochromia of the iris linked with melanotic changes (i.e. intensive 
pigmentation in the sclera, cornea, iris, and chamber angle, and in the area 
of the optic disc and retina, always more marked in the darker eye). 

The pigmentary glaucoma established in three cases (1, 2, and 4) does not 
exclude the possibility that glaucoma may occur in due time in the other two 
patients as well, especially considering the intensive trabecular pigmentation 
seen in the darker eye in both of them. In Case 2, the microscopic findings 
in the excised part of the iris revealed, not only intensive diffusely scattered 
pigmented conglomerations and granules, but also large numbers of 
pigmented mefanophoric cells. Accordingly the microscopic slide of the 
iris showed, not only pigmented cells, but also scattered, free, extracellular 
pigment. However, it was not possible to discover pathologica] mitoses 
or any other malignant changes in the cells. 

The changes found in these cases, considered with the case history, indicate 
a congenital affliction of the eye, in which the pigment was most probably 
transported by the chamber fluid from the iris to the chamber angle, throug 
the obstruction of the latter by pigment with the consequent occurrence of 
glaucoma. There was also slight pigmentation in the iris and chamber 
angle in the lighter eye, which might well be considered as a pathological 
finding. The establishment of glaucomatous hypertension in the lighter 
eye in two cases (1 and 2) confirms our opinion that there was pathological 
pigment in the chamber angle in the lighter eye also. The proliferation of 
pigment with obstruction of the chamber angle was most probably the 
only cause of the occurrence of the congenital pigmentary glaucoma in 
either eye. 
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Summary 


In five patients whose ages ranged from 3 to 53 years, it was possible to 
establish a new ocular syndrome; melanotic changes in the sclera and retina, 
hyperpigmentation of the iris and chamber angle with heterochromia of the 
itis; and the clinical picture of pigmentary glaucoma. All the pigmentation 
in the eye is assumed to have occurred congenitally, and they may be 


described as cases of congenital pigmentary glaucoma. 
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THE REFRACTION OF INDIAN SCHOOL CHILDREN*+ 
A COMPARISON OF DATA FROM EAST AFRICA AND INDIA 


BY 
D. S. MCLAREN 


East African Institute for Medical Research, Mwanza, Tanganyika 


Very little is known about the refractive state of populations in some of the 
technically underdeveloped countries of the world. What data there are 
from these parts have usually been collected in the course of an ophthalmic 
practice and are not representative of the population as a whole. Thorough 
studies have been made of very few groups, notably of palaenegrids by Holm 
(1937), Eskimos by Skeller (1954), and Indian children in Poona by Pendse 
(1954). The last report is of particular interest in that the refractions of 
two distinct social groups, the Brahmins and “untouchables’’, are compared 
and the possibility of environmental factors being responsible for the 
differences found is considered. 


Material 


The present report is of work undertaken as part of research being carried 
out in East Africa into the relationship of malnutrition and eye disease. 
The results of surveys in African children in Tanganyika have been pub- 
lished in full elsewhere (McLaren, 1960). Reference will be made here to 
the refraction findings in the African children where they have a bearing 
upon the data of Pendse and those of the Mwanza Indian children. 

This would appear to be the first comparison that has been made of the 
refraction of two such communities of common origin living in different 
continents. The opening up of East Africa in the mid-19th century resulted 
in the movement into the interior, especially in connexion with the develop- 
ment of lines of rail and road communication, of Asiatics, both Arab and 
Indian. There are to-day quite large communities of Indians in all the 
towns of East Africa. The Asian population of Mwanza, estimated at 
4 or 5,000, is made up largely of Hindus and Muslims, originally from Gujerat 
in Bombay Province, and of Sikhs from the Punjab. Only the children of 
Gujerat Hindus and Muslims attending the Indian Public Primary School, 
Mwanza, were included in the present study. No selection of children was 
made; all those present in a class at the time of examination were included. 





* Received for publication November 2, 1960. 
+ This investigation was supported in part by Research Grant No.: B-2190 from the National Institute of Neuro- 
logical Diseases and Blindness of the United States Public Health Service. 
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As a general rule they were from middle-class families, with similar occupa- 
tions, economic standards, and social habits to those of the Brahmin children 
of Pendse’s study. They too were usually vegetarian but not strictly so. 
Like the Chitpavans and Deshasthas of Poona, the Patels, Lohanas, and 
Banias of Mwanza do not as a rule allow marriage outside the caste, and 
because of the smaller numbers of eligible young men and women available 
in East Africa recourse frequently has to be made to India itself. It would 
seem reasonable then to compare the Mwanza Indian data with those of 
Pendse’s Brahmins of the ““advanced community” in Poona. 


Methods 


Refraction was carried out using an electric retinoscope under complete 
cycloplegia produced by the repeated instillation of hyoscine hydrobromide 
drops (1/20 per cent.) as advocated by Sorsby, Sheridan, Noores, and 
Haythorne (1955). Values were recorded separately for the horizontal 
and the vertical meridians of each eye. The results obtained of visual 
acuity testing in African and Asian children have proved quite unreliable 
and no attempt was made to assess it in the present study. The heights and 
weights of the children were also obtained. The height was measured in 
bare feet and was correct to the nearest }”. The weight was taken with 
girls wearing a dress and knickers and boys wearing a shirt and shorts. 
One pound was allowed for these clothes. The total numbers examined 
were 194 boys and 165 girls. 


The major difficulty encountered in the presentation of the results has been 
the lack of uniformity of the methods adopted to represent refractive data. 
Three questions arise in this connexion. Firstly, what correction or correc- 
tions shall be made to the values obtained by retinoscopy? Secondly, 
what method shall be followed to obtain a single figure to represent the 
refraction of an individual? Thirdly, where may the arbitrary boundary 
between the aberrations of emmetropia and axial ametropia best be set? 
On the first point it is understood that 1 D is subtracted for the working 
distance of one metre, but a further subtraction of 1 D for estimations under 
cycloplegia to compensate for the normal tone of the ciliary muscle 
(Duke-Elder, 1959) is not always followed. Confusion is worse confounded 
by those who do not state what corrections they have made. In my previous 
paper (McLaren, 1960), I made both these corrections and stated that I 
had done so. Pendse (1954) mentioned only the correction for distance, 
but in a personal communication he stated that he had not made the correc- 
tion for cycloplegia and, therefore, as I mentioned in a footnote, there is a 
difference of 1 D between my African data and Pendse’s. In the present 
study | have applied only 1 D correction to my data in order to bring them 
into line with his. 








D. S. MCLAREN 






The second problem, that of the means of expression of the refractio:: of 
an individual, is by its very nature almost insoluble in simple terms. No 
single figure can fully express the refractive state of a person who has gross 
differences between the two eyes, and between different meridians of the 
same eye. Pendse, following Sorsby (1928), took the lower hypermetropic 
axis as the determining factor, with the exception that the myopic axis was 
taken in cases of mixed astigmatism. It is not clear why this procedure was 
followed, but in order to make comparison possible it was also used in the 
present study. In addition the mean of all four values obtained from the 
two horizontal and two vertical meridians of the two eyes was used for a 
separate calculation, as this seemed to be the simplest method and had been 
used for the African data. As will be seen later, there is practically no 
difference in the means calculated by the two methods. 


The answer to the third question, regarding the limits of emmetropia and 
its aberrations, will naturally affect the entire analysis of group refraction 
data. Gardiner (1954) placed it at plus or minus 3 D and this, together with 
his selection of material and his ignoring the retinoscopy findings and using 
the values for the glasses prescribed, makes it impossible to compare his 
study of London school children with Pendse’s or mine. Pendse set the 
boundary at plus or minus 6 D in conformity with general practice. How- 
ever, Sorsby, Benjamin, Davey, Sheridan, and Tanner (1957) have recently 
brought forward good evidence for its being made at plus or minus 4 D 
and this was followed previously (McLaren, 1960). 

























Results 


In Figs 1 and 2 (opposite), the heights and weights of the Indian children 
living in Mwanza are compared with those of the children in the “advanced 
community” in Poona studied by Pendse. At all ages and for both sexes 
the Gujerati children of Mwanza exceed for both height and weight their 
fellow Marathas in Poona. This is rather surprising at first sight, for the 
latter were a notorious warrior race in the early days of British India whilst 
the Gujerats have always been puny and peace-loving by comparison. 
Pendse draws attention to the well-known difference in physical appearance 
between these two peoples. The explanation would seem to lie in the fact 
that nearly all the Mwanza children are of the second or third generation in 
East Africa. Their parents and grandparents made the break with their 
traditional surroundings and once they established themselves they rapidly 
prospered. The apparently unusually good physique of the Mwanza Indian 
children would seem to be at least in part an expression of their improved 
environment, especially as far as nutrition is concerned. Girls in both 
places and for both height and weight exceed boys from about 9-14 years 
of age in the usual manner. 
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Fic. 1.—Mean heights of Mwanza and Poona boys and girls. 








AGE (yrs) 


Fic. 2.—Mean weights of Mwanza and Poona boys and girls. 
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The range of refraction in this series was from +5 to -11 D. Apprcxi- 
mately 86 per cent. of children showed ocular refractions between 0 <nd 
+2 D, with only just over 2 per cent. with refraction greater than +2 D 
and of these only one case was above +4D. The remaining 11 per cent. or 
sO were myopes with about | per cent. of the total due to myopes of over 
-4D. As would be expected, a higher proportion of the refractions of 
these children is in the range 0 to +2 D than is the case in the young inen 
studied by Sorsby, Sheridan, Leary, and Benjamin (1960) and in other 
adult population studies quoted by him. There is, therefore, a myopic 
excess in these children and also a prolongation of the myopic tail, but the 
numbers, whilst large enough for other purposes, are perhaps rather small 
for showing the distribution and even several more hypermetropes would 
make a considerable difference. In the African children in Mwanza, there 
was an even higher proportion between 0 and +2 D with no myopic excess, 
whilst the highly abnormal findings at Mvumi showed a lowering of this 
proportion, due entirely to the gross excess of axial ametropes, of whom 
the majority were high myopes, thus producing a myopic excess and pro- 
longation of the myopic tail in a different manner. Fig. 3 shows the marked 
excess of emmetropic and near-emmetropic refractions as compared with a 
normal distribution. 
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In Fig. 4 the frequency distribution of refraction of children aged 6-12 
years in Mwanza is compared with that of children of the same ages in 
Poona. The data given for the “advanced community” in Graph 6 of 
Pendse’s monograph have been modified so that they appear on a percentage 
basis and so made suitable for comparison with the Mwanza data. The 
abscissa represents the refraction in dioptres divided into groups with an 
interval of 0-5 D. Thus the group numbered “0” includes mean refractions 
ranging from +0-25 to —0-24 and so on for the other groups. The close 
similarity between the curves for the children of the two places is evident. 
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Fic. 4.—Frequency distribution of refraction. 


It is a well-established fact that most babies are born hypermetropic and 
that with increasing age during childhood the refraction tends to approach 
emmetropia and in a small minority passes into myopia. Table I (overleaf) 
shows the mean refractions for the Mwanza Indian children separately by age 
and sex and also for the sexes combined. The refraction was calculated in two 
ways: (a) by the method of Sorsby (1928), and (6) by using half the sum of 
the mean values for each eye. Comparison of the mean refraction values 
calculated by these two methods shows that there is in all instances very little 


difference between them. As Pendse found with his data, there are no real 
39 
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TABLE I 
MEAN REFRACTION OF MWANZA INDIAN CHILDREN (aged 6-14 yrs.) 





Mean Refraction Standard Deviation 
(dioptres) (dioptres) 


(1) (2) (1) 


+1-45 
+1-41 +1-42 
+1-03 +1-08 
+0-87 +0-87 
+0-88 +0-87 
+0-36 +0°35 
+0-93 +0-95 
+0-45 +0-47 
-0-50 -0-57 


Sex Age (yrs) Number of Pupils 











+1-23 +1-35 
+082 +0-87 
+0-60 +0-64 
Female +0°71 +0°67 
+0-30 +0-23 
+0-59 +0-57 
+0-30 +0-23 
+0-60 


+1-37 
+1:31 
+0:91 
+0-74 
+0-79 
63 +0°34 
37 +0-75 
16 +0-40 
10 +0-05 


























(1) Lower hypermetropic axis. 
(2) Half the sum of means for each eye. 


differences between the values for the two sexes. Consequently, in Fig. 5 
(opposite), only the values for the sexes combined have been used, and in 
the case of those for Mwanza the close similarity of the values obtained by 
the two methods is demonstrated. The usual trend towards emmetropia with 
increasing age occurs in both groups and is probably more regular in Pendse’s 
data because of his larger numbers. 

It had been hoped to obtain more data on the possible relationship 
between axial myopia, or what Pendse calls extra-variational myopia, and 
growth. He found that the heights of his children over the age of 12 years 
with this high degree of error were significantly greater than the means of 
children of the same age and sex. However, the incidence of axial myopia 
seems to be considerably lower in the Mwanza children and only three had 
myopia of -6 D or more. Details of these cases are given in Table Il. 
None showed degenerative changes. The heights and weights of these 
three children are below average. 
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Fic. 5.—Change in mean refraction with age. 





TABLE II 
DETAILS OF CHILDREN WITH AXIAL MYOPIA 





Refraction 


Sex Age (yrs) Religion Height (in.) Weight (Ib.) (dioptres) 








14 Hindu 59 (61-8)* 71 (88-7)* 


Male 
10 Hindu 48} (53-8)* 48} (63:2)* 


Female 











| 
| 
Male | 11 Hindu 53 (54-6)* 55 (66:0)* 





* Mean values in brackets. 


Finally, the incidence of the conditions anisometropia and mixed astigmat- 
ism was sought. For the purpose of the present study, as in the previous 
work with Africans (McLaren, 1960), mixed astigmatism was regarded as 
present when 1 D or more of difference occurred between the values for the 
vertical and the horizontal axes of the same eye. Anisometropia was taken 
as present when there was | D or more difference between the two values 
for the same axis of the two eyes. Pendse did not examine his data in this 
way but in Table III (overleaf) the incidence of these conditions in the 
Mwanza Indian children is compared with that in the Mwanza and Mvumi 
African children. It will be seen that the Indian data have an intermediate 
position. About 10 per cent. of Sorsby’s young men had astigmatism in 


excess of 1 D. 
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TABLE ll 


INCIDENCE OF MIXED ASTIGMATISM AND ANISOMETROPIA 
IN TANGANYIKA (per cent.) 





i 


Condition 





| 


Mixed Astigmatism | ; | ‘ | 





Anisometropia 





The incidence of squint was about 1 per cent., i.e. four cases aff convergent, 


Only three children, or less than J per cent., were wearing glasses at the time 
of examination, although it will be evident that many more require them. 


Summary 


The refraction and height and weight were measured of 359 unselected 
Indian school children residing in Mwanza. The data obtained were 
compared with those for a similar community of children in Poona. 

The height and weight of Mwanza boys and girls exceeded at all ages 
those of their fellows in Poona. It is postulated that this is due to an 
improvement in the standard of living of the Indian community as a result 
of migrating to East Africa. 

The range of refraction was from +5 to —11 D. About 86 per cent. of 
children had refraction between 0 and +2 D and only 2 per cent. higher than 
+2 D. The remaining 11 per cent. or so were myopes of whom only three 
or about 1 per cent. of the total were over -4.D. These data show botha 
myopic excess and prolongation of the myopic tail, When compared with 
a normal distribution, there was a marked excess of emmetropic and neat- 
emmetropic refractions. 

There was close similarity between the frequency distribution of refraction 
of the Mwanza children aged 6 to 12 years and that of the Poona children 
of the same age. 


Whether calculated by taking the lowest hypermetropic value or by halving 
the sum of the means for the two eyes, the Mwanza Indian data showed the 
normal trend towards myopia with increasing age in childhood. 

The incidence of mixed astigmatism and anisometropia of 1 D or more 
in degree was found to be 6-6 and 8-6 per cent. respectively. 

About ! per cent. of the children had squint. Less than 1 per cent. were 
wearing glasses at the time of examination, although many more required 


them. 
This investigation was carried out with the permission of the Provincial Education Officer, 


Lake Province, and the co-operation of the Headmaster, Mr. M. M. Acharya and the staff of 
the Indian Public Primary School, Mwanza. My thanks are due to Dr. E. G. Holmes, Director, 
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East African Institute for Medical Research for permission to publish and to Maurice Kwena 
for assistance with the refractions and Joseph Nyabuzoki for help with the data and the graphs. 
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A SURVEY OF CATARACT SURGERY TECHNIQUE 
IN THE UNITED KINGDOM* 


BY 
E. C. ZORAB 


Southampton 


For the purposes of a paper read before the Section of Ophthalmology at 
the B.M.A. Meeting at Torquay in June, 1960, a questionnaire was sent toa 
number of surgeons in order to find out the methods currently in use in the 
United Kingdom. 

167 questionnaires were sent out to consultants in all parts of the country 
and 155 replies were received. Five of these were rejected, because the 
consultant concerned was not, or was no longer, in surgical practice, so that 
the results are based on 150 replies. This very gratifying response reflects 
the great interest taken by nearly everyone in this fascinating operation. 

When analysing the results it is important to stress that what was being 
sought was the usual or normal routine in uncomplicated cases, and it is 
not always easy to say what is one’s usual routine. A certain amount must 
therefore rest on my interpretation of the replies which were sometimes 
slightly equivocal in certain respects. The methods used at all stages are 


analysed in the Tables. 


Anaesthesia (Table I, opposite).—Just under 20 per cent. used general and 
just over 80 per cent. used local anaesthesia. 

Exposure (Table 1).—Only 25 per cent. now use a speculum as opposed to 66 per 
cent. using lid sutures to expose the eye. This surely represents a marked trend 
away from the use of the speculum. 


Fixation (Table 1).—47 per cent. fix the globe at 3 or 9 o’clock, and 42 per cent. 
at 6 o’clock. 75 per cent. use a superior rectus suture. 

Section (Table II, opposite)—The cataract knife is still the most popular 
instrument for opening the eye; 80 per cent. use this as against 12 per cent. using 
keratome and scissors. Two surgeons use a Bard-Parker knife and scissors. 
83 per cent. make a conjunctival flap. 

Corneo-scleral Wound Sutures (Table I1).—There is very little agreement here. 
14 per cent. use no suture, 28 per cent. a post-placed one, 28 per vent. a pre-placed 
one, and 14 per cent. a mixture. Of those using sutures about 80 per cent. use 
silk and just over 10 per cent. use catgut. 

Iridectomy (Table I1).—66 per cent. favour a peripheral iridectomy, and 12 per 
cent. a complete one, 10 per cent. use iridotomy and 2 per cent. leave the iris 
intact. One surgeon does a preliminary iridectomy. 

Zonulolysis (Table I1).—It is rather difficult to give an exact percentage here, 
but as far as I can gather 30 per cent. use it as routine, and a further 20 per cent. 





* Received for publication November 18, 1960. 








CATARACT SURGERY TECHNIQUE 


TABLE I 
PREPARATORY STAGES OF CATARACT SURGERY 





Procedure Percentage* 





Anaesthesia General 20 
Local 30 } 100 


Exposure Speculum 25 \.gy 
Sutures 66 J 








3 and 9 o’clock 


6 o’clock 42 
47 \ 89 
Superior rectus suture 75 











use it in selected cases. 48 per cent. do not use it at all, and 3 per cent. have given 
up using it for one reason or another. We will return to this subject later. 
Extraction (Table II).—The method of extracting the lens depends on the type 
of operation employed. 75 per cent. of surgeons prefer intra-capsular and 
10 per cent. extra-capsular extraction. The remaining 15 per cent. have no 


TABLE II 
OPERATIVE PROCEDURE IN CATARACT SURGERY 





Procedure Percentage* 





Cataract knife 80 92 
Keratome and scissors 12 
Conjunctival flap 83 96 
No flap 13 


Pre-placed 28 
Corneo-scleral Post-placed 28 84 
Wound Sutures a = 
i 


Suture Material Silk 10 $90 
Catgut 10 











Peripheral 66 

Iridectomy Complete 12 Loo 
Iridotomy 10 

Nil 2 





Given up 3 


Not used 48} 
Zonulolysis Used as routine 30 101 
Used in selected cases 20 





Intracapsular 75 85 
Extraction Extra capsular 10 





Extraction Erisophake 13 


Method for Intracapsular Forceps ii} 
5 
Expression 7 











* The failure of the percentages to total 100 is due to the fact that some replies omitted 
certain questions altogether. 
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particular preference. Of the intra-capsular school three-quarters use for eps, 
13 per cent. use the erisophake and 7 per cent. use expression only. 





Reformation of the Anterior Chamber.—SO per cent. reform the anterior cha:aber 


artificially, mostly by air, but a few with saline. In 33 per cent. of all the intra- 

capsular operations, a miotic is instilled into the anterior chamber. 
Dressing.—62 per cent. pad both eyes for 24 hours or more after operation and 

33 per cent. pad only the operated eye. 


Comment 


What conclusions can be drawn from these figures? Several points show 
up—starting with general anaesthesia. This is certainly increasing, though 
still used in a minority of cases. I am sure that this increase is due mainly 
to the excellence of modern anaesthesia, and the virtual disappearance of 
post-operative vomiting. I am myself much in favour of it and so, I think, 
are those patients who have had local anaesthesia for one eye and general 
for the other. The surgeon is absolved from all thought of anaesthesia, 
the eye is immobile, the muscles relaxed, the tension low, and the danger of 
retrobulbar haemorrhage absent. 

The speculum is fast becoming an obsolete instrument for this operation, 
and it is being replaced by the safer method of lid sutures. 

The superior rectus stitch is not very new, but has proved its worth. 

The cataract knife remains the instrument of choice of the majority, and 
not only among the older generation. Wound suture has proved its worth 
and silk remains the best material for it. 

The methods of intracapsular extraction were not asked for in: detail. 
Forceps remain the commonest instrument used in executing it, though the 
erisophake is used to quite a large extent. In my opinion the latter method 
is more certain especially with tense or hard capsules. The striate keratitis 
which sometimes follows its use is always transient. When using zonulolysis, 
however, I think that simple expression, perhaps aided by forceps at the 
upper pole, is often preferable. It is not always easy to insert the erisophake 
once the lens has been freed from its attachments. 

The subject of zonulolysis has been left till last as it is the latest develop- 
ment. There can be no doubt about the value of the enzyme alpha- 
chymotrypsin in certain cases, though it is perhaps not quite so innocuous 
as was at first thought. Many of the earlier reports indicated that there 
were no side-effects. However, the more recent reports, even those from 
Barcelona, show that there are certain complications with its use. 

My own experience over 2 years has now led me to use it for almost 
every patient over 10 and under 60 years, and in a few selected cases over 
this age, and this seems to be a view held fairly widely. 


Finally, I should like to thank all those surgeons who responded to this questionnaire, many 
of them with most encouraging remarks. I would also like to thank Dr. Frank Budden who 
transferred all the information to punch cards, thus simplifying the analysis. 
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A NEW STAINING TECHNIQUE FOR THE CANAL 
OF SCHLEMM AND ITS EMISSARIES*+ 


BY 


H. R. HAUSLER Anp T. M. SIBAY 
Departments of Ophthalmology and Physiology, University of Toronto, Canada 


Tue canal of Schlemm and its emissary vessels have been studied extensively 
by various methods. Injection of dyes (Hausler and Sibay, 1960) or cor- 
rosion cast preparations (Ashton, 1951, 1952; Ashton and Smith, 1953; 
Kiss, 1943; Kiss and Orban, 1951) showed the distribution of these vessels 
but did not reveal structural details of their walls. In histological sections, 
on the other hand, only a small area of sectioned vessel could be studied 
and the continuity of the vascular system was lost to the observer. The 
present investigation was undertaken to illustrate that, with a new staining 
technique, the gross and histological details of the canal of Schlemm and its 
emissaries could be very satisfactorily studied. In a previous report it was 
shown that this method was very suitable for staining the cell boundaries of 
the retinal blood vessels (Hausler and Sibay, 1960). 


Material and Methods 


The material consisted of ten enucleated human eyes obtained from the 
Eye Bank of Ontario. Each eye was cut around its circumference, 6 mm. 
posteriorly and parallel with the limbus. 

The anterior portion of the eye was retained for study and the posterior 
portion was discarded. After the removal of the lens and the iris, the 
specimen was bisected through the centre of the cornea to expose the canal 
of Schlemm. The tissue was then fixed on blocks of plasticine with the 
cut surface uppermost. With the aid of a dissecting microscope, a fine 
glass cannula (or fine-gauge needle, No. 30) was inserted directly into the 
canal of Schlemm. The canal of Schlemm was washed first with saline and 
then with 10 per cent. formalin solution. A freshly prepared silver solution, 
consisting of 2 per cent. “silver dinaphthylmethane disulphonate}”’, was 
injected through the same needle. The injected specimen was put in a dish 
containing glycerine to clear the tissue and then exposed to ultra-violet 
light for 2 to 3 minutes till a brownish colour appeared. 


* Received for publication December 8, 1960. 
t These studies were carried out under a National Health Research Grant. 
This paper was presented at the East-Central Section meeting of the Association for Research in Ophthalmology, 





Ann Arbor, Michigan, 1960. 


+ Commercially available ‘as “Viacutan”’ produced by Ward Blenkinsop & Co., 6 Henrietta Place, London, W.1. 
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The trabecular wall of the canal of Schlemm was cut as a ribbon-like st ip 
with a fragment of a razor blade under a dissecting microscope. This tissiie 
was then removed and mounted in glycerine on glass slides for histologi al 
examination. The rest of the specimen containing the scleral wall of the 
canal of Schlemm was kept in glycerine and studied microscopically. 


Results 


Details of the endothelium of the scleral wall of the canal of Schlemm are 
seen in Fig. 1, which shows the opening of one of the many emissary vessels. 


Fic. 1.—Opening of one of the 
emi vessels from the scleral 
wall of the canal. 


The scleral wall of the canal was found to be lined by an endothelium of 
elongated spindle-shaped cells, their long axis being mostly parallel with the 
axis of the canal. This pattern had been interrupted around the openings 
of the emissary vessels where the endothelial cells assumed a more irregular 
shape. The emissary vessels, after emerging from the canal, divided up imme- 
diately into a dense 
intra-scleral plexus 
where they freely 
anastomosed with 
one another (Fig. 2). 


Fic. 2.—Emissary vessels 
within the sclera forming a 
meshwork shortly after 
leaving the canal. 
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The irregularity in the shape and calibre of these vessels was striking 
(Fig. 3). They were lined by endothelial cells which were wider and not 
so elongated as those lining the scleral wall of the canal of Schlemm. A few 
emissary vessels showed a fairly straight course through the sclera to the 
episcleral and conjunctival plexuses. These vessels might correspond to 
what is clinically seen as aqueous veins. 


Fic. 3.—Emissary _ vessels 
within the sclera showing the 
outline of endothe'ial cells. 


Fig. 4, and Fig. 5 (overleaf), show the structural details of the trabecular 


wall of the canal of Schlemm. The endothelium consisted of spindle-shaped 
cells of variable size. The long axis of these cells frequently lay at an 
oblique or right angle to the axis of the canal and occasionally the cells were 
arranged in a whorl-like pattern. Although the trabecular wall gave the 
impression of a solid membrane, a number of small stomata could be seen 
between some of the endothelial cells, usually located at their apices. 


Fic. 4.—Structural details of 
the trabecular wall of the 
canal. 
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Fic. 5.—Endothelium lining the trabecular wall of the canal. A number of stomata 
are seen between the endothelial cells. 


Summary 


A new staining technique is described which has been found very satis- 
factory for demonstrating the boundaries of the endothelial cells of the canal 
of Schlemm and its emissaries. 
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FAMILIAL CORNEAL DYSTROPHY* 


BY 


J. W. E. CORY 
West Suffolk General Hospital, Bury St. Edmund’s 


Ir may be of some interest to report the history over five generations of a 
family suffering from corneal dystrophy. In these days of rapid move- 
ments of the population it is seldom that the members of a family as large 
as the one reported remain in the immediate district in which they were born. 


The dystrophy is of the nodular or granular type (Duke-Elder, 1938; 
Francheschetti, Klein, Formi, and Babel, 1951; Franceschetti, 1954). The 
cases would appear to fall into the classification of heredo-familial degenera- 
tions under the heading of parenchymatous degenerations—a dominant 
form of granular degeneration. 

The youngest patient reported by Francheschetti was 5 years old, but in the 
lattice-like type of degeneration puberty appears to be the more usual age 
of onset. In the family here reported two girls (IV, 20 and IV, 21 in the 
family tree) were seen at the ages of 7 and 8 years respectively. They have 
a type of corneal erosion which lasted for a few days only and cleared, 
leaving little corneal damage. This has recurred perhaps once or twice a 
year, but was usually quiescent again when the children were examined. 

Corneal grafting was considered for II, 7, who has since died, and his 
brother II, 8, still has 6/24 vision in each eye and grafting has not been 
considered advisable. As a consequence no such biopsy of the cornea has 
been possible as was done in the case reported by Stocker and Holt (1955). 
There appears to be no association with skin lesions as occurred in the 
family described by Savin (1956), in which four male members suffering 
from corneal dystrophy of the stroma and endothelium of the cornea also 
had ichthyosis simplex and allergic manifestations. 

McGee and Falls (1953) were unable to trace the family history further 
because of geographic scattering, but suggested the possibility of a recessive 
gene in their second case, the child of a consanguineous marriage. 

The inheritance in the family reported here would appear to be fully 
dominant with transmission over five generations without sex predilection; 
it follows the same pattern as the family with the lattice-type of corneal 
dystrophy described by Ramsay (1957). 





* Received for —— October 24, 1960. 
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Key to Family Tree 


(1) 1, 1, who was himself affected, had nine children (II, 1-9), of whom three 
males and three females were affected. 


(2) The eldest son (II, 1), himself unaffected, had three daughters (III, 1-3), 
none of whom was affected; nor were any of the children (IV, 1-4) of these 
women affected. 

(3) The second son (iI, 2), himself affected, had two children, a boy (Il, 4) 
and a girl (III, 5), both affected. They each had a child (IV, 5 and 6), both of 
whom were unaffected. IV, 6 had two children (V, 1 and 2), who were also 
thought to be unaffected, but as he has left the area this is a little uncertain. 

(4) The third child, a daughter (II, 3), herself affected, had four sons and a 
daughter. Her eldest son (III, 6), who was unaffected, was killed in the second 
world war and had no progeny. The next son (III, 7) died unaffected leaving 
four unaffected daughters (IV, 7-10), of whom IV, 8 and 9 each have unaffected 
daughters (V, 3 and 4). III, 8, who was killed in the second world war, was 
himself affected and had one affected son (IV, 11), one unaffected son (IV, 12), 
and an unaffected daughter (IV, 13). The fourth son (III, 9), himself affected, 
was reputed to have two unaffected children (IV, 14 and 15). The youngest 
child, an unaffected daughter (III, 10), had no children. 

(5) The fourth child, a son (II, 4), was unaffected. He was killed in the first 
world war and had no progeny. 

(6) The fifth child, a daughter (II, 5), herself affected, had one unaffected 
daughter (III, 11) followed by three affected sons (III, 12-14) and one unaffected 
son (III, 15). 

(7) The sixth child, a daughter (IT, 6), herself affected, had (by her first husband) 
one unaffected son (III, 16), one unaffected daughter (III, 17), and one affected 
daughter (III, 18). By her second husband, she had three sons and two daughters, 
all of whom were affected (III, 19-23). 

The two unaffected children of the first marriage (III, 16 and 17), had no 
progeny. The affected daughter (III, 18) had three sons (IV, 16-18), of whom the 
eldest was affected, and one affected daughter (III, 19). Of these, IV, 16 had no 
progeny, IV, 17 had two unaffected daughters (V, 5 and 6), IV, 18 had one un- 
affected daughter (V, 7), and IV, 19 had one unaffected son (V, 8). 

Of the five affected children of the second marriage, the eldest son (III, 19) had 
two affected daughters (IV, 20 and 21), and an unaffected son and daughter (IV, 
22 and 23). The next son (III, 20) had four unaffected children (IV, 24-27). 
The next son (III, 21) had an unaffected daughter and son (IV, 28 and 29). The 


fourth child, a daughter (III, 22), had one unaffected son (III, 30). The youngest, 


another daughter (III, 23), had two unaffected daughters (IV, 31 and 32). 


(8) The seventh child (II, 7), himself nearly blind with a corneal dystrophy 
which probably justified a corneal transplantation, is now dead. Of his seven 
children (III, 24-30), five were affected; there were two sets of twins, the first’ 
pair both affected, and the second pair both unaffected. 

The eldest son (III, 24), himself affected, had one affected daughter (IV, 33). 
The second son (III, 25), himself affected, had no progeny. The third son (III, 
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26), who was the elder of the first pair of twins, was himself affected and had i.vo 
unaffected daughters ([V, 34 and 35). His affected twin sister (III, 27) had th:ee 
sons (IV, 36-38), two of whom (IV, 36 and 37) were affected. Of the second pair 
of twins (III, 28 and 29), who were both unaffected, the younger (III, 29) had 
two unaffected sons (IV, 39 and 40). The youngest son (III, 30), himself affecied, 
had no progeny. 

(9) The eighth child (II, 8) is now 67 years of age and from him much of the 
family history has been obtained. His vision has never fallen below 6/36 and his 
dystrophy, granular in type, has tended to improve slightly without treatment 
during the 5 years he has been under observation, the visual acuity being now 6/24 
in each eye and 6/18 partly with both eyes. He has two affected daughters (III, 
31 and 32), the elder of whom has an unaffected son (IV, 41), and an affected 
daughter (IV, 42). The younger daughter (III, 32), herself affected, has two sons, 
IV, 43 affected and IV, 44 unaffected. 

(10) The ninth and last child (II, 9), himself unaffected, has four unaffected 
children. 


I am indebted to Dr. J. A. R. Debenham of Boxford, Colchester, for his help in tracing 


members of this family, most of whom are known to him. 
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INTRA-CANALICULAR GELATIN IMPLANTS IN THE 
TREATMENT OF KERATO-CONJUNCTIVITIS SICCA* 


BY 


WALLACE S. FOULDS 
Addenbrooke’s Hospital, Cambridge 


In patients suffering from kerato-conjunctivitis sicca, occlusion of the 
lacrimal puncta may be followed by a marked relief of symptoms and an 
improvement in the appearance of the cornea and conjunctiva. Unfor- 
tunately, this is not always the case, for some patients are no better after this 
procedure and a few may actually develop epiphora. 

Stallard (1958) has stressed how thorough cautery to the canaliculi has 
to be if effective occlusion is to be attained, and there is little doubt that the 
resulting obliteration of the canaliculi is permanent. Because of this, many 
surgeons are reluctant to use the procedure, reserving it for severe and long- 
standing cases of kerato-conjunctivitis sicca where they can be fairly certain 
that undesirable sequelae are unlikely to be encountered. 

It is probably true that cases of kerato-conjunctivitis sicca are more com- 
mon than is generally realized, and that many of these might be helped by 
occlusion of the puncta if it could be ascertained beforehand that this 
procedure would, in fact, relieve the patient’s symptoms and not be followed 
by epiphora. With this in view a simple method of creating a temporary 
obstruction of the canaliculi by the insertion of fine water-soluble gelatin 
rods has been developed and has 
proved of value in assessing the prob- 
able effects of permanent obstruction 
of the canaliculi. 


Material 

Pure powdered gelatin to which a 
small quantity of distilled water 
(1 ml./g.) has been added is heated in a 
water bath until the gelatin dissolves and 
a thick gel results. By dipping a cold ; ' 
glass rod into this gel and withdrawing ; A I 
it, fine solid rods of gelatin are easily 
formed, and with practice, fairly uni- 
form lengths of approximately 0-5 mm. 
in diameter can easily be made (Fig. 1). (RABEBERLIILELI {| 
These rods are cut into 4-cm. lengths bs 
and stored in closely-stoppered glass 


Fic. 1.—Gelatin rods used to occlude the 
, lacrimal puncta. Scale divisions represent 
containers. 0-5 mm. 


_—. 





* Received for publication November 22, 1960. 
40 
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Method 


Two drops of amethocaine 1 per cent. are instilled into the eye to be trea‘ed. 
The lacrimal punctum is dilated with a Nettleship’s dilator and a gelatin rc is 
inserted in one movement so as to fill the whole length of the canaliculus. (Fig. 2). 
The excess rod is divided with scissors at the punctum. The short projecting end 
of this rod very quickly becomes rounded and smooth when it comes in contact 

with the moist bulbar conjunc- 
tiva. It is important to slide 
the rod straight into the canal- 
iculus as it soon becomes ad- 
herent and it may be difficult 
subsequently to ensure that a 
suitable length of gelatin re- 
mains within the canaliculus. 


Fic. 2.—Insertion of a gelatin rod 
into the lower lacrimal punctum. 


Results 


At the time of writing the procedure has been used in thirty patients, and 
in none has there been any adverse reaction to the presence of the implants. 
A few patients have noted slight transient discomfort immediately following 
the insertion of the rods but this has not lasted long. No local inflammatory 
reaction to the presence of the gelatin within the canaliculi has been found in 
any of the patients. 

In the series of patients treated, the clinical picture varied from classical 
cases of Sjégren’s syndrome (Sjégren, 1933), with marked filamentary kera- 
titis, typical staining of the conjunctiva with Rose Bengal, and dry con- 
junctival sacs as measured by Schirmer’s test (Schirmer, 1903), to cases in 
which the diagnosis of kerato-conjunctivitis sicca was in some doubt, there 
being chronic conjunctival hyperaemia accompanied by a superficial epithelial 
keratitis or an abnormal pre-corneal tear film and a reduced secretion of 
tears to Schirmer’s test. 

As would be expected from such a diverse group of patients, the response 
to the implants varied greatly. In some there was a dramatic improvement 
in symptoms lasting for periods of from 4 days to 2 weeks, after which time 
it could be shown that the implants had dissolved and the patency of the 
canaliculi had been restored. Such cases were considered suitable for 
permanent surgical occlusion of the puncta. Others either experienced no | 
symptomatic relief from the procedure or even developed temporary epiphora. 
Such cases were obviously not suitable for cautery to the puncta. 
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It is to be noted that, because the reaction to the presence of the rods 
within the canaliculi is as a rule so slight, there is no reflex stimulation of tear 
secretion and absence of epiphora under these conditions represents the 
state of affairs attained some weeks after cautery to the puncta. In the days 
immediately following cauterization of the puncta there is inevitably a reflex 
stimulation of tear flow which may result in a temporary epiphora until the 
inflammatory reaction has settled down. Thus, in three cases in which the 
insertion of gelatin rods was followed by a dramatic improvement in symp- 
toms without noticeable epiphora, cautery to the puncta not only produced 
the desired symptomatic relief but in addition resulted in epiphora which 
lasted until the cauterized areas had completely healed. When healing had 
taken place the epiphora ceased and the relief of symptoms was so marked 
that in each case the other eye was similarly treated. 

In some cases in which the diagnosis of kerato-conjunctivitis sicca was not 
certain, the tear-flow caused a rapid dissolving of the implants. These 
patients noted a clear sticky discharge from the eye for 24 hours after the 
insertion of the implants. 

It is interesting that, in the patients who developed a temporary epiphora 
after the insertion of the rods, Schirmer’s test before their insertion showed 
a grossly deficient tear secretion even after stimulation of the nasal mucosa 
with a cotton-wool swab. In such cases cautery to the puncta would 
undoubtedly have been followed by intractable epiphora. The mere 
finding of a reduced tear-flow is no guarantee that the case is suitable for 
occlusion of the puncta. 

While it may be true that the insertion of gelatin rods into the canaliculi 
of these patients was a stronger stimulus to tear production than nasal irrita- 
tion, it is also possible that much of the tear-flow was escaping by way of 
the puncta before it could be absorbed by the Schirmer’s test paper, so 
giving an erroneously low estimate of the tear secretion. 


Summary 


A method of creating a temporary obstruction of the canaliculi by the 
insertion of water-soluble gelatin rods is described. It has proved valuable 
in the diagnosis of kerato-conjunctivitis sicca and in assessing the sympto- 
matic improvement to be expected by permanent occlusion of the puncta. 


I am indebted to Mr. Barrie Jones of the Institute of Ophthalmology, London, for his 
encouragement and his help in assessing the effect of the implants on several patients under his 
care. I also wish to thank the staff of the Pharmaceutical Department of Addenbrooke’s Hospital 
for their help in the preparation of the implants and Mr. Vince of the Photographic Department 
of the same Hospital for the illustrations. 


REFERENCES 


SCHIRMER, O. (1903). v. Graefes Arch. Ophthal., 56, 197. 
SyéGreN, H. (1933). Acta ophthal. (Kbh.), Suppl. 2. 
STALLARD, H. B. (1958). ‘“‘Eye Surgery”, 3rd ed., p. 303. Wright, Bristol. 





Brit, J. Ophthal. (1961) 45, 628. 


CASE NOTES 


TERATOMA OF THE ORBIT* 
BY 


N. S. JAIN anp R. C. AGARWAL 
Department of Ophthalmology, Irwin Hospital, New Delhi, India 


OrBITAL teratoma is an exceedingly rare congenital neoplasm, there being 
only one other case previously reported from India (Kirwan, 1935). Only 
sixteen other cases, fourteen reported by Duke-Elder (1952), one by Kamel 
(1954), and one by Girard, Fountain, Moore, and Thomas (1958), have 
been found in the literature. 

The following case is therefore of interest because of the extreme rarity 


of this tumour. 


Case Report 


A female baby, seen when one day old in June, 1957, had a large mass protruding from the 
right orbit (Fig. 1). 

The cornea could be identified but other ocular details were obscure. The skiagram 
showed a wide and shallow orbit. Exenteration of the orbit under a general anaesthetic 
on the third day was followed by an uneventful recovery, and the child is known to be 


alive at the present time. 





Fic. 1.—Teratoma of the right orbit in a baby Fic. 2.—Section of the muscle and intestine. 
one day old. x35 


Histological examination showed the tumour to be a teratoma (Figs 2, 3, 4, 5, and 6, 
opposite). 


ee 





* Received for publication November 21, 1960. 
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Fic. 3.—Section of bone. "Fie. 4.—Section of cartilage. 


Fic. 5.—Fibro-vascular elements. x 38. Fic. 6.—Adipose tissue. 38. 


Summary 


One case of teratoma of the orbit is reported to bring the total of the 
recorded cases to seventeen. 


Our thanks are due to Prof. L. P. Agarwal, Professor of Ophthalmology, All-India Institute of 
Medical Sciences, New Delhi, for arranging to supply the photomicrographs. 
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TWO PRIMARY MALIGNANT NEOPLASMS IN 
ONE PATIENT* 
BY 


A. G. CROSS 
London 


THE occurrence of two primary malignant neoplasms in one patient is not a 
rarity, but it is uncommon and especially in a patient aged less than 50 years, 


Case Report 


A man aged 47 years attended the Out-patient Department of Moorfields Eye Hospital on 
May 2, 1959, complaining of a swelling on the right eye which had been noticed 6 days 
previously. He stated that he had not had any previous abnormality of the eye, although 
it had shown a tendency for many years to be bloodshot. His general health was stated 
to be satisfactory. 

Examination.—The left eye was normal and a round swelling was found in the limbal 
region of the right eye situated at about 8 o’clock. It was about 5 mm. in diameter, 
solid, and showed slight pigmentation. The patient was admitted to hospital and was 
seen by various members of the consultant staff. who agreed that the swelling was neo- 
plastic and that it should be excised. On May 9, 1959, the tumour was removed in an 
8-mm. disc of sclera and cornea 0-4 mm. thick; an 8-mm. disc of donor cornea 0-4 mm. 
thick was placed then in the position of the disc which had been removed and fixed in 
position with direct sutures. The eye settled satisfactorily and the patient was discharged 
on May 27, 1959. 

The pathological report indicated that the tumour was a malignant melanoma of the 
limbus and that it had not been completely removed. The patient was therefore referred 
to Dr. M. Lederman of the Royal Marsden Hospital Radiotherapy Department, who 
gave a course of irradiation. The condition of the eye remained satisfactory, but in 
June, 1960, his general condition deteriorated. He developed abdominal pain and was 
admitted to the Royal Marsden Hospital on June 30, 1960. Laparotomy revealed 
extensive deposits of spheroidal carcinoma in the liver and in the pancreas, and the patient 
died soon after this operation. At post mortem a hitherto undetected primary carcinoma 
of the lung was found. His death was not, therefore, associated in any way with the 
malignant melanoma of the limbus of the right eye. 


Discussion 
This case demonstrates that the treatment of the malignant melanoma had 
been satisfactory, as far as could be indicated in this very brief follow-up. 
It had been expected that laparotomy would reveal metastases of the 


malignant melanoma and it was a considerable surprise to find that a 
second primary neoplasm was present in the lung. 





* Received for publication January 6, 1961. 
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CORRESPONDENCE 
EYE-RUBBING AND CONTACT LENSES 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


Sirs,—In 1947 I first noticed a patient, a severe case of keratoconus, indulging in very 
vigorous eye-rubbing and from that time I have had this in mind. In 1956 (Brit. J. 
Ophthal., 40, 295), I summarized my experience of 92 cases of keratoconus, but omitted 
any reference to eye-rubbing as I was not then sure of its significance. 

Irritability of the eyes on account of infection, allergic affections, or emotional stress 
as at school or at puberty, may induce eye-rubbing in anyone and, as a rule, no permanent 
harm ensues. If, however, the cornea is weakened by coincident or antecedent inflam- 
mation or, as is seen so frequently in my experience of keratoconus, it is thin centrally 
on account of conus posticus then the cornea may give way if subjected to persistent 
rubbing. It is first distorted and this may give rise to increasing astigmatism: as a rule 
the angle of the astigmatism is clearly related to the manner of eye-rubbing. Later the 
cornea stretches and typical keratoconus is produced. It might be thought that the 
rubbing is coincidental and not causal, but the large proportion of patients giving a 
history of habitual rubbing before the keratoconus appeared leaves little doubt that eye- 
tubbing causes the cornea to give way and is also responsible for the progress of the 
condition. Very rarely indeed a normal cornea insulted by gross and persistent gouging 
and rubbing may follow the same course; one case actually developed severe hydrops of 
the corneae. It seems that keratoconus most commonly arises in patients affected by 
conus posticus who are also eye-rubbers. 

To analyse in detail more than 300 cases will take a considerable time and there must 
be a further delay before publication. It has been put to me that, feeling reasonably 
certain of these facts as I now do, I ought to draw attention to them as quickly as possible 
so that patients may be warned against the dangers of eye-rubbing and ophthalmologists 
may be on the look-out for such cases. 

Yours faithfully, 
MoorFIELDs Eve HospirAt, FREDERICK RIDLEY. 
HicH HOLBorN, 
Lonpon, W.C.1. 
May 25, 1961. 


BOOK REVIEWS 


Optics. By K.N. Oc Le. 1961. Pp. 265, 179 figs. Thomas, Springfield, Ill. (70s.) 
This is a useful book which, while claiming to be an introduction to the ophthalmologist 
for the study of refraction and visual physiology, contains all, and perhaps even more 
than all he reasonably requires to know of optical theory. A book of this kind cannot 
by its nature contain much original thought. The merit of a new work on a subject 
already standardized in all its essentials can only lie in the method of presentation. The 
present volume is based on lectures given to ophthalmologists at the Mayo Clinic, and 
the method of the presentation of the subject fully justifies its publication. The subject 
is well covered with sections on the nature of the physicai characteristics of light, 
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geometrical optics, the theory of prisms and lenses, the optical system of the eye a: d its 
aberrations, and the correction of the latter by lenses; the two concluding sectio: s on 
optical instrumentation and illumination are short and very useful guides to the ‘nore 
practical problems of optics as applied to the clinic and to everyday life. The author 


is to be complimented on his work and the publishers on its presentation. 


Glaucoma (Le glaucome). By P. Desvicnes. 1960. Pp. 182, 3 figs. Masson, aris, 
(35 N.F.) 

In this monograph Desvignes makes a gallant attempt to analyse the rationale of 
raised intra-ocular pressure. As a result of 25 years of clinical experience he has con- 
cluded that the raised tension is the essential deleterious factor in glaucoma. He has 
therefore analysed the causes of raised tension in all types of secondary glaucoma; and 
reasoning from the (comparatively) known to the unknown, puts forward a theoretical 
basis for the aetiology of primary glaucoma. This disease, he concludes, is not primarily 
due to a local obstruction of the drainage pathways of the aqueous humour, nor to 
vasosclerosis; these, when they are in evidence, constitute secondary phenomena. 
Initially this condition is due to a disturbance, usually intermittent in its manifestations, 
of the central mechanism responsible for the regulation of the intra-ocular pressure. At 
this stage the disease is functional, depending on neuro-endocrine, metabolic, allergic, 
or psychopathic factors. This period is followed by a second wherein changes of a 
vascular nature appear in the eye itself, primarily and essentially in the uveal tract 
involving alterations in the permeability of the capillaries and a state of acute or chronic 
oedema. In such a condition, of course, miotics are effective through their action on 
the autonomic system and surgery merely provides symptomatic relief. Put shortly it all 
sounds very simple. 


The History of Tonometry. Physical Basis, Technical Development, and Clinical Use. 
(Geschichte der Tonometrie. Physikalische Grundlagen, methodische Entwick- 
Jung und klinische Anwendung.) By J. DRAEGER. 1961. Bibliotheca Ophthal- 
mologica, No. 56. Pp. 160, 63 figs, 1 table. Karger, Basel. (Swiss Frs 26). 

The first instrument designed to measure ocular tension came into use about a hundred 
years ago, and Draeger has provided an appropriate celebration of this centenary in the 
form of a monograph, in which he traces the development of the tonometer from the 
early simple mechanical devices to the more complex modern instruments. 

Digital tonometry is first considered briefly and the earliest ideas for the instrumental 
determination of ocular tension are described. It would appear that these ideas emerged 
almost simultaneously in Berlin and in Utrecht; the first instrument which could be 
properly regarded as an impression tonometer is attributed to von Graefe in 1862, and 
a similar device developed by Donders appeared in the following year. To-day, one 
would scarcely think of applying a tonometer to any part of the eye other than the cornea, 
and it is therefore a little surprising to realise that these instruments were applied to the 
globe either through the closed lids or to the sclera, The necessity for this method of 
application becomes apparent when we are reminded that it was not until 1887 that 
Koller introduced cocaine as a local anaesthetic for the eye. 

This advance made the cornea available as a site of application of the tonometer, an 
advantage which was so ably exploited by Hjalman Schi6tz, whose impression tonometer, 
the undoubted forerunner of most modern instruments, appeared in 1905. This mono- 
graph makes clear how much energy and ingenuity has been expended on the develop- 
ment of a surprising number of tonometers, varying widely in the details of their 
construction yet departing little from the basic principles introduced by Schidtz. 
One is left with the feeling that, apart from the so-called electronic tonometers and the 
recording tonometer of Maurice, there have been few major advances in impression 
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tonometry. Draeger describes each tonometer adequately, wisely avoiding a profitless 


account of mechanical details, and he enumerates the advantages and disadvantages of 
each instrument, although in some cases this must be based to some extent upon con- 
jecture. A minor failing is that there appears to have been no consistent policy with 
regard to the illustrations; sometimes, no more can be gathered than the general appear- 
ance of the tonometer (although this is often interesting), while at other times the primary 
intention appears to be an explanation of the mechanics involved; unfortunately in some 
illustrations neither purpose is fully realized so that one is annoyed at being unable to 
yisualize the gross appearance of the instrument and puzzled as to how the device worked. 

The section on applanation tonometry follows the same plan, instruments being 
described in chronological order until the most recent practical refinements, embodied in 
the applanation tonometer of Goldmann, are reached. 

Next the author deals with the influence of so-called ocular or scleral rigidity upon 
tonometric measurements. An understanding of this matter is essential to a full appre- 
ciation of the limited accuracy of tonometry, but it cannot equal the fascination of the 


instruments themselves. Nevertheless, an attempt is made to deal in an historical 
manner with these concepts, and on the whole there emerges a lucid exposition of the 


problems involved. It would perhaps have been advantageous to point out the simple 
fact that a large source of error in impression tonometry is attributable ultimately to 
the weight of the instrument, and that, in general, the heavier the tonometer the lower 
its accuracy. 

The monograph ends with a consideration of the standardization of tonometers. The 
historical review shows that improvements have undoubtedly been made in impression 
tonometry but any illusion that an ideal state has been reached is dispelled by the statistics 
quoted by eight centres providing facilities for standardization. According to the majority 
of these centres, less than 20 per cent. of the tonometers submitted reached the standards 
required. 

This monograph will prove interesting to the many who perform tonometry and to the 
few who may attempt to devise a new tonometer and desire to profit from the experience 


of the pioneers, 


Wolff’s Anatomy of the Eye and Orbit. Sth edition, revised by R. J. Lasr. 1961. 
Pp. viii +500, 438 figs (54 col.). Lewis, London. (4 guineas). 

The fifth edition of: Eugene Wolff’s Anatomy of the Eye and Orbit has appeared as 
revised by R. J. Last of the Royal College of Surgeons of England. Wolff’s book, 
written initially in 1933, is well known to readers of this Journal, and the present edition 
is little changed from its predecessors; indeed, the criticism could well be made that the 
book is too unchanged and that the advances in our knowledge of ocular anatomy which 
have been made since 1954 are inadequately presented. The contributions of the electron 
microscope have been largely omitted. With regard to the retina it is considered that the 
work done in this respect is still too recent for the significance of the observed appearances 
to be clear. To some extent that may be true for this tissue (although many of the 
appearances are worthy of note), but there seems little excuse for describing the structure 
of the cornea in terms of Virchow, or Bowman’s membrane as “structureless”, or for 
speculating whether the lens capsule is composite. Even in terms of microscopic 
anatomy, recent literature has not by any means been integrated into the text. Despite 
anatomical and physiological observations which most commentators have accepted as 
conclusive, it is suggested that no direct communication exists between the anterior 
chamber and the canal of Schlemm, and, despite the work of Warwick, the classical scheme 
of the composition of the third cranial nucleus as put forward by Brouwer and Zeeman 
is retained without question. The basis of the book, however, is good. 
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The Structure of the Eye. Proceedings of the Symposium held on April 11-13, } '60, 
during the Seventh International Congress of Anatomists at New York. Ex ‘ted 
by G. K. Smerser. 1961. Pp. 570, numerous figs, bibls. Academic Press, | Jew 
York. ($15). 

This book contains a series of papers which formed the basis of a symposium cony. ned 
to mark the occasion of the VII International Congress of Anatomists in New York in 
April, 1960. ° It includes contributions from fifty observers, representing ten national ties, 
in the fields of experimental anatomy, physiology, biochemistry, biophysics, and bio/ogy. 
The diverse nature of these contributions emphasizes the unique properties of the eye as 
a medium for many forms of experimental investigation. For example, the cornea 
provides a regularly arranged avascular connective tissue which has the unique property 
of being transparent, the lens provides a homogeneous and distinct tissue which is ideal 
for immunulogical studies, the vitreous represents a mucoid connective tissue of a trans- 
parent nature, and the retina presents variations in structure which may be correlated 
with variations in function in different species. 

The appearance of the book is timely, because it provides a clear account of the most 
recent advances in our knowledge of the structure of the tissues of the eye, advances which 
are largely due to improved methods of examination, such as electron microscopy, which 
provides an accurate analysis of the most intimate and hitherto unknown details of each 
individual cell, histochemistry, which gives information about the chemical nature of the 
ultrastructure of the cell, immunology, which provides precise information of the 
breakdown of tissue protein into its different entities, and radioautography, which permits 
a continuous study of the cell during migration. It must be emphasized, of course, that 
the findings in this book are essentially of an experimental nature so that it is not always 
possible to measure the significance of these observations in the clinical sphere, but its 
interest to the clinician lies in the increasing conviction that advances in the realm of 
clinical ophthalmology depend to a large extent on an increase in knowledge of the 
fundamental structure and function of the eye. 

It is a credit to the editor and to the numerous contributors, including those who took 
part in the general discussions, that this book has been produced within such a short 
time of the Meeting. The illustrations are excellent, and each paper contains a compre- 
hensive bibliography. 


NOTES 


RETINA FOUNDATION 


Boston, Mass. 


Clinical Research Fellowships of the Retina Foundation will be expanded upon 
completion of the Foundation’s research building at the end of 1961. The training 
programme includes concentrated work in general fundus diagnosis by indirect stereo- 
scopic ophthalmoscopy, and in the surgery of retinal detachment. Many opportunities 
and special training are available in various phases of clinical research. Details about 
one-year and two-year programmes will be sent on request. Fellows not supported by 
other research or training grants receive adequate stipends. 

Graduates of medical schools outside the United States and Canada must complete 
the requirements of the Educational Council for Foreign Medical Graduates to engage 
in clinical activities. 

Inquiries and applications should be addressed to: 

Dr. Robert J. Brockhurst, 99 West Cedar Street, Boston 14, Massachusetts. 





NOTES 


XIX INTERNATIONAL CONGRESS OF OPHTHALMOLOGY 
, New Delhi, 1962 


The International Council of Ophthalmology has allocated 5,000 Swiss francs for the 
purpose of helping to finance the expenses incurred in attending the XIX International 
Congress to be held in New Delhi in December, 1962, of individuals who are not in 
private practice and who are participating in the scientific programme. Applications 
should be sent to Dr. Edward Hartmann, Secretary of the International Council, at 2 


Avenue Ingres, Paris XVIe, France, before November 30, 1961. 


AMERICAN OPHTHALMOLOGICAL SOCIETY 
Officers, 1961-62 


President: Dr. Francis Heed Adler 
Vice-President: Dr. Paul A. Chandler 


Secretary-Treasurer: Dr. Joseph A. C. Wadsworth 
Editor of Transactions: Dr. M. Elliott Randolph 


UNIVERSITY OF TORONTO 
Wright Lecture, 1961 


The Walter W. Wright Lectureship, under the joint sponsorship of the Department of 
Ophthalmology, University of Toronto, and the Toronto Faculty of Medicine, will be 
given by Dr. Michael J. Hogan at the Toronto General Hospital on November 17, 1961, 
at4p.m. The title will be “‘ Present Knowledge of the Aetiology of Iritis’”. The Alumni 
of the Department of Ophthalmology of the University of Toronto will hold their annual 
clinical meeting before the Wright Lecture, and in the evening there will be a banquet and 
dance at the Royal York Hotel. 


RoyYAL Eye HospitraL 
Refresher Course for Consultant Ophthalmologists, 1962 


The next course will be held on February 19 to 23, 1962, at the Courage Laboratory of 
the Royal Eye Hospital, with visits to the Maida Vale Hospital for Nervous Diseases and 
to the Royal College of Surgeons. 

Those wishing to attend should write to Prof. Arnold Sorsby, M.D., F.R.C.S., The 
Courage Laboratory, The Royal Eye Hospital, St. George’s Circus, London, S.E.1., by 
December 1, 1961. 


Mr. P. Jameson Evans, F.R.C.S. (51 Calthorpe Road, Edgbaston, Birmingham 15) writes 
to say that he would be glad to hear from any reader who can supply him with the following 
back numbers of the A. M. .4. Archives of Ophthalmology: 

1956 — Vol. 56, July. 
1957 -- Vol. 57, May and June. 
1957 - Vol. 58, July to November, inclusive. 
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RoBerT CECIL DAVENPORT, 1893-1961 


One of the best known—and certainly the best beloved—of British ophthalmic surzeons 
died on June 17, 1961. 
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Robert Cecil Davenport was torn in Chungking in China, the country where his 
father, C. J. Davenport, F.R.C.S., was a surgeon of repute. He came to England for 
his education at Mill Hill School, and subsequently studied medicine at St. Bartholomew’s 
Hospital, London. He qualified in the middle of the First World War and immediately 
joined the Army with which he served through the campaign in Mesopotamia, by no 
means an easy medical assignment for a young officer. After demobilization in 1920 he 
returned to St. Bartholomew’s where in succession he held the posts of House-Surgeon, 
Ophthalmic House-Surgeon, Demonstrator of Physiology, and Chief Assistant to the 
Ophthalmic Department. During this time he took his qualification from the University 
of London in 1920, and he became an F.R.C:S. in 1921. 

Thereafter he came to Moorfields Eye Hospital in 1922 as Clinical Assistant and won 
the Moorfields Research Scholarship. At this early stage of his career he acted as Con- 
sultant Ophthalmic Surgeon to the East London Hospital for Children, the Western 
Ophthalmic Hospital, and the Central London Ophthalmic Hospital; but it was to 
Moorfields that he gave his professional life, serving the Hospital in one capacity or 
another for 39 years. He was made a Consultant Surgeon in 1930, was Senior Surgeon 
in 1948, and Honorary Consultant from 1959 until his death, sitting cortinuously first 
on the Committee of Management and then on the Board of Governors from 1937 
onwards. This long service to Moorfields was broken only in the Second World War, 
on the first day of which, with a team of Sisters and Nurses from Moorfields, he took 
charge of the medical arrangements at St. Dunstan’s, the great institution which made 
itself responsible for the treatment and rehabilitation of servicemen blinded in the war, 
with which he remained the Principal Medical Consultant until his death. 

His greatest work, however, was in his capacity of Dean of the Medical School, initially 
at Moorfields (1938-1948) and subsequently at the Institute of Ophthalmology (1948- 
1959). Holding this office as well as that of a senior consultant surgeon, he played a 
prominent part in the combination of the Royal London, the Royal Westminster, and 
the Central London Ophthalmic Hospitals to form the new Moorfields Eye Hospital, 
and in the founding of the Institute of Ophthalmology. In addition, he took a wide 
interest in the broader activities of our specialty. Joining the Ophthalmological Society 
of the United Kingdom in 1922, he served as a Secretary from 1934-36, was a Member 
of the Council from 1936-39, a Vice-President from 1948-51, and President from 1958-60. 
He was also President of the Section of Ophthalmology of the Royal Society of Medicine 
from 1955-57; was on the Council of the Faculty of Ophthalmologists from its inception 
in 1948 until 1960; and in the whole post-war period until his death he was the representa- 
tive of Great Britain on the International Federation of Ophthalmological Societies. 

These are the facts; impressive though they are they reflect but little of the immense 
influence which Robert Davenport exerted on ophthalmology, not only in Great Britain 
but in many countries throughout the world. He was the perfect Dean of a medical 
school, sparing neither time nor energy in fulfilling a task which is too frequently regarded 
as a routine and lacking the warmth of humanism. Each student he got to know well, 
on each he expended himself freely, telling them not only how to work but where to live 
and how to live, helping them when they got into trouble or comforting them when they 
were homesick—a problem of no small magnitude when the trainee surgeon comes from 
a far-off land with a totally different culture. And at the same time he treated them with 
absolute integrity and understanding, assessing their future possibilities for them, and 
continuing to advise them when they had gone back to their homes. To him a student 
was not merely a candidate for examinations but a future doctor whose care should be 
for sick men and women. When he retired from the office of Dean in 1959, hundreds 
of his old students from 63 countries—from Chile in the West through Africa and Asia 
to the Philippines in the East—subscribed to make him a gift, and in practically every 
case the subscription was accompanied by a spontaneous letter of appreciation. None 
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of us has amassed such a wealth of devotion so widely cast as had Davenport; and ‘iere 
was no greater Commonwealth-builder than he. 

To his patients he was the perfect doctor, not only taking an infinity of care with <ach 
individual but with his kindly and gentle humour tiding them over their illnesses. To 
him a patient was not a case requiring technical treatment but a human being in trouble, 
and in no circumstances was he greater than in extending a helping hand when medicine, 
as it often does, fails to mend the damage of disease or decay. Nowhere was this more 
required than at St. Dunstan’s in his care of those wounded in the war; never was a 
sympathetic understanding iinctured by common sense more effectively offered. The 
transition from light to darkness is less easily borne by the young and active than by 
those whose urgencies have been dimmed by age; and to a whole host of such—and to 
their families—Davenport was a doctor and remained a counsellor and friend, rehabili- 
tating them into an active if more restricted life. 

It is for these qualities that ophthalmology both at home and internationally will miss 
Robert Davenport; at Moorfields and the Institute of Ophthalmology where he knew 
and was loved by everybody, the feeling of loss is particularly acute. It is indeed sad 
that it all finished so abruptly and so soon, leaving him so little time to look back at 
leisure on a task well done. Our warmest sympathy goes out to his widow—a doctor 
herself who gave up medicine to help him in his life’s work—and to his two sons and his 


daughter. 


KARL LINDNER, 1883-196! 


Every reader of this Journal knew—or knew of—Karl Lindner, and particularly to 
those who have known him and liked him, his death will be a cause of sadness. He was 
born in 1883 in Vienna, where he studied medicine with a short sojourn at the Sorbonne 
in Paris. He joined the world-famous clinic of Ernst Fuchs in 1908; in 1916 he became 
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assistant to Dimmer’s clinic, and in 1924 he himself attained professorial rank, first as 
a titular professor and 4 years later as a full professor, a post which he held until his 
retirement in 1953. 

In his early professional years Lindner leapt to fame with his bacteriological researches 
on conjunctival infections, particularly trachoma and inclusion blennorrhoea. The 
latter disease, to which he gave this name, he traced to an infection from a non-gonococcal 
urethritis, and he held that it: was a “‘ genital trachoma’’, a mild form of the disease con- 
tracted from the mother of the child. How close to the truth he was in this surmise, 
which excited much opposition, is only beginning to be recognized to-day. Between 
1909 and 1913 he published thirteen papers on this subject for which work he was awarded 
the von Graefe Prize. In addition to this subject, in which he retained an interest all 
his life, his research interests were widespread over most of the field of ophthalmology, 
but when asked what were his favourit< contributions he would say that they were his 
studies on the methods of refraction and on the aetiology of myopia. He was an un- 
usually able surgeon, dexterous, bold, and original, and the new techniques he devised, 
particularly for severe cases of retinal detachment by chemical cauterization (1930-33) 
and by shortening the globe (1949), were immense contributions to ophthalmic surgery. 

As a friend and colleague Lindner was a delightful person; he was frequently seen at 
international meetings, and his industry and ability as a teacher at the Vienna clinic 
brought him in contact with many English-speaking ophthalmologists. Fortunately, in 
his life-time, his ability was fully recognized, and even after his retirement he maintained 
the same restless energy that led him to publish 129 major contributions to ophthalmo- 
logical literature during his professional life. Thus, for 4 years after he left the clinic 
in Vienna, he became honorary professor first in Cairo, then in Aligarh, then in Tabriz, 
teaching, operating, and consulting, all this despite the fact that for the last 10 years of 
his life he suffered from glaucoma of the chronic congestive type. Typically, he diagnosed 
it himself, followed its course himself, taking his own fields, watching his disc with an 
auto-ophthalmoscope, and measuring the pressure of his eyes tonometrically with the 
help of a mirror, and treating it himself—but not by surgery. 

As one of the outstanding personalities of this generation who contributed long and 
richly to his subject, he will be greatly missed. 


J. RINGLAND ANDERSON, 1894-1961 


The death of Ringland Anderson (known as Joe to his many friends) at his home in 
Melbourne on May 14, 1961, has deprived Australia of a great ophthalmologist and a 
strong promoter of international friendship. His 66 years of life were packed with 
hard work, and his family ties, which were exceptionally close, did not prevent him from 
making first-rate contributions over a wide range of clinical ophthalmology. 

Joseph Ringland Anderson was born at Lilydale, Victoria, on October 29, 1894. Like 
many another son of the manse, he was blessed with more than the average allowance 
of intelligence and determination. From Scotch College, Melbourne, he proceeded to 
the University of Melbourne, where he gained the M.B., B.S. degrees in 1916. He then 
joined the medical branch of the Australian Imperial Forces, and served their 45th 
Battalion as regimental medical officer, gaining the Military Cross in 1918, and reaching 
the rank of Captain. From 1919 to 1921 he was mainly engaged with intensive post- 
graduate preparation for his subsequent career as an ophthalmologist. Having obtained 
the F.R.C.S. at Edinburgh in 1919, he worked with the late Sir John Parsons and others 
at Moorfields Eye Hospital, and passed the D.O.M.S. examination in 1921. 

After returning to Melbourne, Anderson was soon launched into a full programme of 
hospital work, and was appointed Ophthalmic Surgeon to the Alfred Hospital in 1923. 
He also found time to strengthen his qualifications by the F.R.A.C.S. (1930) and the 
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M.D. (1932). The impact of his book Detachment of the Retina, published b; the 
Cambridge University Press in 1931, was inevitably lessened by the fact that Gconin’s 
revolutionary work on this subject had begun to attract world-wide attention hile 
Anderson’s work was being written. Nevertheless Anderson’s book contained :iany 
sound observations, and the work that it involved gave him an abiding concern wiia the 
problem of retinal detachment. His work on Hydrophthalmia was another impcrtant 
contribution to our specialty. 

Early in the 1930s Anderson became interested in disorders of ocular muscle ba:ance. 
He felt that some of the pioneer claims concerning orthoptic treatment were too optimistic, 
but he firmly believed that, with proper selection of patients, orthoptic treatment offered 
a great opportunity to improve binocular function. He was also convinced that, what- 
ever differences of opinion there might be with regard to the efficacy of treatment, there 
could be no reasonable doubt that orthoptic investigation by properly trained auxiliaries 
was an immense help in everyday practice. When the Second World War came, Ander- 
son’s special knowledge of ocular muscle imbalance was an immeasurable asset for the 
Royal Australasian Air Force to which he was appointed as consultant ophthalmic sur- 
geon, as well as to the Australian Navy. 

Anderson was a wide traveller and an assiduous attender at Congresses, not only in 
Australia where he was often an office-holder and a principal contributor to the pro- 
gramme, but also throughout the world. As a visitor to clinics in Great Britain, Europe 
and America, he was a delightful guest; and as a thoughtful and considerate host in 
Australia he was supreme. His speech as Australian representative at the inaugural 
ceremony of the XVI International Congress in London, 1950, was remarkable for its 
virile sincerity. Even more memorable was his masterly survey of ocular muscle im- 
balance delivered in New York 4 years later at the XVII International Congress of 
Ophthalmology. The ground covered in this talk, together with much other first-class 
work, can be found in the second edition of his Ocular Vertical Deviations and the Treat- 
ment of Nystagmus, published by the British Medical Association in 1959. 

In the middle of the Second World War Joe was nearly killed in a serious road smash, 
but he fought his way back to full activity, though one arm was permanently damaged 
and he limped for the rest of his life because of a leg shortened by compound fractures. 
He used to make light of this mishap on the rare occasions when he consented to mention 
it. His physical courage under the impact of this accident was matched by his faith in 
the outcome of the war all through the black days of 1940 and 1941. Nor should we 
forget that his courage and his deep family affection were inextricably linked with his 
religious beliefs, and that these beliefs were free from any trace of self-righteousness. 
We shall never find a better colleague or a truer friend. Our sympathy goes out to his 
wife and his daughters. 





MANUEL MARQUEZ 1872-1961 


Our readers will regret to learn of the death in Mexico City on June 12, 1961, at the 
age of 89, of Prof. Dr. Manuel Marquez, lately of Madrid, an Honorary Member of the 
Pan-American Association of Ophthalmology. 
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COMMUNICATIONS 


ELECTRICAL POTENTIAL ACROSS THE ISOLATED 
CILIARY BODY OBSERVED IN VITRO* 


BY 


D. F. COLE 


Ophthalmological Research Unit (Medical Research Council), 
Institute of Ophthalmology, London 


THE existence of a potential difference (P.D.) across the ciliary body has been 
demonstrated in intact animals by Lehmann and Meesmann (1924), Berg- 
gren (1960), and Cole (1961), whilst recently Holland, Mallerich, Bellestri, 
and Tischler (1960) have studied the potential across the isolated ciliary 
body of the cat. It has been shown that, in vivo, there is a relationship 
between the blood—aqueous P.D. and the rate of aqueous flow (Cole, 1961), 
and it is evident that further information about the eiectrical electrochemical 
behaviour of the barrier would throw light upon the transport processes 
concerned in the formation of the aqueous humour. One of the limitations 
encountered when using intact animals is that it is impossible to impose very 
wide changes upon the composition of the fluids bathing the two sides of 
the barrier. Were it practicable to measure the alterations of potential 
across the barrier caused by modifying the fluids on either side it seemed 
likely that some of the electrochemical properties of the barrier could be 
inferred, and for this reason a technique has been developed for measuring 
the potential difference developed across isolated pieces of ciliary body 
placed between two chambers containing saline media the composition of 
which could be varied. 


Materials 


The pieces of ciliary body were excised from ox eyes obtained from the abattoir 
and which normally reached the laboratory within 30 minutes of the death of the 
animal. Immediately after their removal the eyes were placed in a buffered and 
oxygenated ‘‘ NaCl” medium (see below, Table I), cooled to 1°C. and kept in a 
vacuum flask for transport to the laboratory.’ There they were opened by an 
equatorial incision and the lens and vitreous removed from the anterior segment. 
A radial cut was made through the ciliary body and cornea, and the ciliary body, 
together with some vitreous and loose tissue lying between it and the sclera, was 
pulled away from the remainder of the anterior segment. This tissue was then 
placed in oxygenated “NaCl” or “SO,” medium at 37°C. until required. 





* Received for publication February 10, 1961. 
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The composition of the saline media used in the course of this series of e: peri- 
ments is shown in Table I. In the “SO,” and “EtSO,” solutions, the chioride 
ion was replaced with sulphate or ethyl sulphate (as ethyl sodium sulpiate, 
C,H;NaSO,) respectively, whilst in the “Choline” and “Mannitol” media the 
sodium was replaced by choline (as choline chloride, (CH,(OH).CH,.N(CH:),C) 
or Mannitol. ‘The “ Mannitol 470 mM/L” medium was designed to be approxim- 
ately isotonic with the “NazSO, 300 mEq Na/L” medium, and solutions con- 
taining varying concentrations of sodium ion were obtained by combining the 
latter with the former. The “High-K” media were obtained by replacing some of 
the sodium in the “NaCl” medium with potassium. All media contained 
7:0 mM/L glucose and 10 mM/L glutamate. Terner, Eggleston, and Krebs 
(1950) have shown that glutamate is required for the maintenance of normal intra- 
cellular potassium concentrations in isolated retina and its presence appeared to 
assist in maintaining steady potentials in the isolated ciliary body. 


TABLE I 
CONSTITUTION OF VARIOUS SALINE MEDIA (mEg (or mM) per litre) 





- 4 | tTris/Nite! 
Sans’ Hanatee ae PON) a ‘Acid Buller 
and pH 7:45 


~ 
& 


Medium Na Cl 





ing ) 
450 
* This solution was combined with varying proportions of the “* Mannitol (470 mM/L)” medium to give a series of 


solutions containing from 10 to 300 mEq Na’ per litre. 
t “Tris” stands for tris (hydroxy methy)) amino methane: CH2OH.C(NH>).(CH2OH)>. 


Methods 


The two “Perspex” vessels between which the isolated tissue was placed are 
shown in Figs 1 and 2 (opposite). The outer semicircular compartments (B and B’) 
contained water at 37°C. circulating from an external thermostatically controlled 
water-bath, whilst the inner compartments, D and D’, contained the bathing 
media, oxygenated through H and H’ (Fig. 1). In use the two halves were clamped 
by the bolts E and E’ (Fig. 2), with the piece of tissue (E, Fig. 1) situated on the 
platform G (Figs 1 and 2), Each inner compartment was connected to a calomel) 
KCl electrode via an agar/NH,NO; bridge in polythene tubing (C and C’, Fig. !). 
The openings A and A’ were used either for the removal of some of the bathing 
fluid or for applying an electric current from an external source in order to estimate 
the membrane resistance, 

A segment, measuring about 1 x 1 cm., was cut from the ring of isolated ciliary 
body and iris and placed upon a square of gauze with its inwards facing (epithelial) 
side uppermost. The gauze and tissue was then trimmed to fit easily upon the 
platform, G, of the one half of the perspex chamber, The other half was then 
slipped over the two bolts (E and E’, Fig. 2) and the two sections were bolted 
securely together so that the iwo semicircular inner compartments were separated 
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by a piece of ciliary body and supporting tissue some 0-40 cm. diameter having its 
outer (stromal) side in D’ and its inner (epithelial) side in D (Fig. 1). 


t C 























Pa, 1. —Apparatis used for Measuring P.D. across isolated blood-aqueous barrier. Vertical 
for removal of section x 1-5 approx. 
5 e wae jacket ( (maintained at 1 PC, from external water-bath); 
C, C’ =agar/NH4NO; electrodes i in polythene tubing for measurement of P.D.; 


D, D’ =compartments taining bathing media on inner and outer sides respectivel of isolated tiss 
E=piece of isolated. oa mg. body, inner (epithelial) vantans facing towards b” and outer yo eS surface 


towards D’; 
F = “se. support on outer (stromal) side of isolated tissue; 


H, H Thies for oxygen to bathing fluids. 


v 























. E 


Fic. 2.—Apparatus used for measuring P.D. across isolated blood-aqueous barrier. Plan 
A, A’ =side arms for removal of fluid x15 approx. 


B, B’ = water jacket (maintained at 37 °C. from external water-bath); 
C,C’,C” 30" =entrances and exits for water to water jacket; 
D, D’=compartments containing bathing media on outer and inner sides respectively of oer tissue; 
E, E’ = bolts used for clamping two parts of apparatus together when tissue is in position 


G=platform 
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A typical cross-section of an isolated ciliary body is shown in Fig. 3. The »lat- 
form and any protruding edges of tissue were dried with cotton wool and libe-ally 
covered with silicone grease (Silicone Stopcock Grease, Edwards High Vacuum td, 
Crawley, Sussex). The outer water-jacket was then connected to the reservoi: and 
circulating pump and the two oxygen inlets to a cylinder of gas. The two ianer 
compartments were filled with the appropriate saline medium and the whole device 
mounted on a clamp. The L-shaped agar/NH,NO, bridges were mounted on 
either side of the tissue with their tips fairly close to it (Fig. 1, C and C’). The 
electrodes were connected to a high impedance millivoltmeter with an input 
impedance of 10> ohms (Vibron Electrometer 33B, Electronic Instruments Ltd., 
Richmond, Surrey) the output of which was fed to a pen writer through a simple 
transistor amplifier. 


Fic. 3.—Cross-section of isolated ox ciliary body (Mallory’s stain). 
Horizontal line, 0:4 cm., represents diameter of aperture between inner and outer saline 
compartments (Fig. 1). 

A=inner (epithelial) side of tissue 

B=outer (stromal) side of tissue. 


In estimating the membrane resistance, a current from an external source was 
applied via calomel electrodes and agar/Ringer bridges across A and A’ (Fig. 1). 
The P.D. between C and C’ was measured as before for a series of steady currents 
at intervals of 20 »A over a range of —80 to +80 pA, for which the current-volt- 
age relationship was linear. The area of barrier available for the passage of 
current at G was 0°125 cm? and the results were expressed in ohms/cm2. 

In some cases, pieces of isolated ciliary body were fixed in Zenker’s solution, 
embedded in paraffin and sections 10 » thick were cut and stained with Mallory’s 
stain in order to show the position of the epithelium and stromal connective tissue 
in relation to the saline compartments. 


Results 
This work has been chiefly concerned with alterations of the composition 
of the fluid medium on the outer (stromal) side of the barrier, the results 
being shown in Table II (opposite). 
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TABLE II 


CHANGES IN BARRIER P.D. CAUSED BY REMOVAL OF CHLORIDE OR SODIUM 
IONS FROM FLUID ON OUTER (STROMAL) SIDE OF ISOLATED CILIARY BODY 





an 


tside Medi “NaCl” Medi — 
Outside Medium | NaCl” Medium Outside " 


3-80 +0:26 





“NaCl” | 
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+3-19+0-39 


| +3-00 +0-36 
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“EtSO,” 





** Mannitol” 
“Choline” \ — 2-97 40-50 





Values are given as the mean + its standard error and at least ten observations were obtained in each case. 


With the “NaCl” medium as the inside solution, it is seen that substitu- 
tion of the “SO,” or the “EtSO,” for the “NaCl” medium outside signifi- 


cantly increased the P.D., whereas replacement of sodium ion with choline 


or Mannitol outside significantly decreased the P.D. Typical results in 
individual experiments are shown in Figs 4 and 5, and in Fig. 6 (overleaf). 
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Fic. 4.—Recording of ciliary body P.D. during substitution of SO,” for Cl’ on 
outer (stromal) side. A rise in P.D. was reversibly reduced by anoxia. 


O 








LSmin., 


\ 


i eee EE o 





Choline outside Na outside 





Fic. 5.—Recording of ciliary body P.D. during substitution of choline for Na* on outer (stromal) 
side. A fall in P.D. was restored by replacement of Na’ and increased by substitution of SO,” 


for Cl’. Anoxia caused a reversible fall in P.D. 
Fig. 7(overleaf)shows results from a number of experiments where the inner 
(epithelial) side was in contact with the ““Na,SO, 300 mEq Na./L” medium 
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Choline inside Na inside Choline outside Na outside 








Fic. 6.—Recording of ciliary body P.D. during alteration of sodium ion concentration at inner 
(epithelial) surface. Reduction of [Nai] increased P.D., whereas, at a later stage in the experi- 
ment, reduction of [Nao] (by substituting choline for Na‘) decreased P.D. 
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Fic. 7.—Relationship between ciliary body P.D. (ordinate) and outside sodium concen- 
tration [Nao] (abscissa). 
The scale of the abscissa is logarithmic and the regression line represents the equation: 
E=4'5 log [Nao] - 4:28. 
Points represent values from individual experiments. 





throughout, but the sodium concentration on the stromal side was varied 
from 10 to 300 mEq/L by adding sodium to the “Mannitol 470 mM/L” 
medium. 
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Reduction of the inside sodium ion concentration caused small increases 
in P.D. (Fig. 6 and in Fig. 8) but increasing the inside concentration of 
potassium (“‘NaCl” medium outside) resulted in a fall (Fig. 9). 


I 
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(No;] [meq/t] 
Fic. 8.—Relationship between ciliary body P.D. (ordinate) and inside sodium 


concentration [Nai] (abscissa). 

The scale of the abscissa is logarithmic and the regression line represents the 
equation: E=7-9 - 1-25 log [Nai]. 

Points represent values from individual experiments. 
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Fic. 9.—Relationship between ciliary body P.D. (ordinate) and 
inside potassium concentration [Ki] (abscissa). 

The scale of the abscissa is logarithmic and the regression line 
represents the equation: E=6-0 —3-8 log [Ki]. 

Points represent values from individual experiments. 
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Anoxia produced by stopping the aeration on both sides of the bariier 
reduced the P.D. (Figs 4 and 5) as did 5 x 10-4 2,4: dinitrophenol and 1 x 10-3 
cyanide added to the inside medium (Figs 10 and 11, Table III). In all 
these cases the inside solution was the “‘ NaCl” medium. 
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Fic. 10.—Recording of ciliary body P.D. in} the presence of 5 x 10-4M 
dinitrophenol in the inside medium. 





Fic. 11.—Recording of ciliary body P.D. in the 
presence of 1 x 10-3M cyanide in the inside medium. 


TABLE III 


ACTION OF METABOLIC INHIBITORS UPON BARRIER P.D. OF ISOLATED 
CILIARY BODY 





Inhibitor P.D. in Control Period A P.D. 





— 3-89 +0°31 _ 
DNP (inside) 5 x 10-4 M 2's aie 3-57 0°25 — 1-67 +0:39 
CN’ (inside) 1 x 10-3 M si “a 4:07 +0-41 — 2-40 +037 
Anoxia (both sides) .. as a | 3-95 +0°31 —2°62+0°51 




















Values are given as the mean + its standard error and at least eight observations were obtained in each case. 


The electrical resistance of the barrier was 61-3+5-1 ohms per cm. 
exposed tissue, but owing to the extensive folding of the ciliary epithelium 
the resistance per cm.? epithelial surface would be considerably greater 
than this. 
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Discussion 

The maintenance of a P.D. with similar solutions on each side of the 
isolated barrier and its dependence upon adequate oxygenation provides 
evidence thet the tissue remains active in vitro under the present experi- 
mental conditions. Although its value might vary considerably from one 
eye to another it appeared to remain relatively stable for 30 to 60 minutes 
in individual cases. In all cases the inner (epithelial) side was positive to 
the outer (stromal) side in accord with the findings in intact eyes in situ. 
The P.D. described by Holland and others (1960) was measured between 
the anterior surface of the iris and the scleral surface of the ciliary body 
(termed by these authors the “stromal surface”) and the posterior surface 
of the ciliary body (termed the “neuro-epithelial surface’’), and its polarity 
was the reverse of the blood—aqueous P.D. reported by Lehmann and Mees- 
mann (1924), Berggren (1960), and Cole (1961). It was also the reverse of 
the P.D. observed in the present experiments, and in comparing these findings 
it should be remembered that in this report the term “stromal side” refers 
only to that part of the ciliary body which has been detached from the inner 
surface of the sclera and does not include the anterior iridic surface. This 
distinction may account for the discrepancy between the results of Holland 
and others (1960) and both the present findings and the blood—aqueous P.D. 
in intact eyes. The mean P.D. (“NaCl” medium both sides) of +3-80 
+0-26 mV is rather less than that which is found in intact rabbit eyes 
(+6-20+0-52 mV; Cole, 1961) using an entirely different technique. 

The chief advantage of in vitro experimentation is that it affords freedom 
to alter the solute composition on either side of the membrane independently 
and so enables the action of certain individual ions upon the P.D. to be 
studied independently. An analogy between the formation of the aqueous 
humour and the transport of sodium and water through frog skin has been 
suggested by Cole (1959, 1960); and Ussing and his collaborators (Ussing 
and Zerahn, 1951; Koefoed-Johnsen and Ussing, 1958; Ussing, 1960a, b), 
working on the active transport of Na’ through frog skin, have shown that 
such transport is normally associated with passive movement of chloride 
ion and that the observed membrane P.D. is the resultant of the active 
carriage of positive sodium ions and the passive migration of negative 
chloride ions, the latter penetrating the membrane fairly readily. If the Cl’ 
ion is replaced by the SO,” ion, which penetrates very much more slowly, 
the P.D. rises because the electrical ‘“‘leak”’ due to anion penetration has been 
greatly decreased. Furthermore, since the existence of the P.D. depends 
upon transport of Na’, the removal of this ion from the outward-facing 
side of the membrane will lower the observed P.D. 

If this analogy between frog skin and the blood—aqueous barrier is valid, 
it follows that there would be active transport of Na* from blood to aqueous 
characterized by a barrier P.D. with the inner (epithelial) side positive to 
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the stroma. This P.D. would be increased by the substitution of a lai ge, 
slowly penetrating anion (such as SO,” or EtSO,’) for Cl’ and would be 
reduced in the absence of Na* on the stromal side. All these effects Lave 
been observed with the isolated ciliary body preparation used in these exjeri- 
ments (Table II; Figs 4 and 5); a rise of P.D. occurred when chloride oii the 
stromal side of the barrier was replaced with sulphate or ethyl sulphate, 
and there was a fall when Mannitol or choline was substituted for sodium. 
It was evident that the rise which occurred with the “SO,” medium was 
dependent upon aerobic metabolism, since it was subject to irhibition by 
anoxia (Figs 4 and 5), and these results strongly suggest that there is a 
mechanism capable of transporting sodium ion actively from the stromal 
side of the ciliary body into the aqueous humour. 

It appeared that there was a fairly consistent relationship between the 
concentration of sodium in the outer compartment ([Na,]) and the barrier 
P.D. when anion movement was decreased by the substitution of SO,” for 
Cl’ on both sides of the barrier. Although the thickness of the tissue made 
it difficult to be certain of the actual ion concentrations obtaining at the cell 
surfaces, it is clear that the P.D. is a function of outside sodium concentra- 
tion (Fig. 7), indicating that the outer (stromal) surface of the barrier is 
permeable to sodium ions (cf. Koefoed-Johnsen and Ussing, 1958; Ussing, 
1960a). However, the barrier P.D. was not entirely independent of the 
sodium concentration of the inner (epithelial) side, although this effect was 
less marked and in the opposite direction (Figs 6 and 8). Increasing the 
concentration of potassium (using the “High K” media) on the inner side 
reduced the barrier P.D. sharply (Fig. 9) but potassium concentration was 
without significant effect when applied to the outer (stromal) surface. 

These findings indicate that the inner (epithelial) surface of this region of 
the isolated blood—aqueous barrier as well as the outer (stromal) surface is 
permeable to sodium ions by passive diffusion, whilst the potassium permea- 
bility of the stromal surface is negligible compared with that of the epithelial 
surface. 

Not only was the overall barrier P.D. fairly small when compared with the 
P.D. developed across frog skin, but the changes which resulted from altera- 
tion of [Na,], although highly significant (6=4-5+0-29; P<0-01), were 
much smaller than those originally described by Koefced-Johnsen and 
Ussing (1958). It seems possible that the anion permeability of the isolated 
barrier, even to large ions such as SO,” or EtSO,’, was greater than that of 
frog skin—an hypothesis which is consistent with the view that the normal 
barrier is sufficiently permeable for ultrafiltration to play a significant part 
in the normal formation of the aqueous humour (Cole, 1960). This anion 
permeability, together with a relatively high permeability to sodium of the 
inner surface, forms an important distinction from the mechanism proposed 
for frog skin (Ussing, 1959; 1960a), and it is suggested that the scheme pro- 
posed by Koefoed-Johnsen and Ussing (1958) be modified as indicated in 
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Fig. 12. It should also be borne in mind that the position is further com- 
plicated by the presence of two layers of cells, the pigmented and epithelial 
layers, in the blood—aqueous barrier, both of which are known to contribute 
to the electrical profile across the barrier (Berggren, 1960). 


Outside Epithelium Inside 
> Na 
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Fic. 12.—Diagrammatic representation of cation permea- 
bilities of blood-aqueous barrier at its outer (stromal) and 
inner (epithelial) surfaces. For explanation see text. 


In the system which is now proposed, the total blood-aqueous P.D. (£) 
results from the P.D.s at outer (stromal) and inner (epithelial) surfaces; E, 
and E;. The outer P.D. (E,) would be a function of 

RT, {PalNea]+ ZPl Aa] 
F  \PalNa,] + 2Pa[Ao])’ 


where P, and P,, represent anion and sodium permeabilities; [Na,] and [A,] 
represent outside concentrations of sodium ion and of anions, and [Na,] and 
[A.] represent the corresponding intracellular concentrations (cf. Goldman, 
1943; Hodgkin and Katz, 1949; Conway, 1957; Patlak, 1960). 
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The outer P.D. (£;) would be a function of 
RI in ‘«(Ko] + P’n[Nac] + SP ’a[Ai i 
F  (P’.[Ki] + P’n[Naj] + 2P’,[Ac])’ 
where P’,, P’,, and P’, represent potassium, sodium, and anion periica- 
bilities at the inner surface of the barrier; [K,] represents intracellular 
potassium concentration, and [K;], [Na;], and [A;] represent the inside 
(aqueous) concentrations of potassium, sodium and anions (see Fig. 12). 
The total barrier P.D. in this system (E, + £;) will be dependent upon 
[Na,], [Na;], and [K;], and the effect of altering the inside sodium concen- 
tration will be small-compared with changes in the outside concentration of 
sodium so long as P,>P’,. The result of substituting sulphate or cthyl 
sulphate for chloride will be to reduce the anion permeabilities, P, and P,’, 
and so to raise the total P.D. Increasing [K;], by using the “High K” 
media on the inner (epithelial) side, will tend to decrease the P.D. A\l- 
though this scheme is obviously incomplete, it seems to go some way towards 
explaining the observations in the present series of experiments. 


Inhibitors—Both the normal P.D., with “NaCl” medium on both sides, 
and the elevated P.D. in experiments where SO," or EtSO,’ was substituted 
for Cl’ on the outer (stromal) side, were reversibly reduced by anoxia (Figs 
4 and 5). The P.D. was also decreased when 10-3M cyanide or 5 x 10-4M 


dinitrophenol was added to the solution on the inner (epithelial) side (Figs 
11 and 12), and in these respects the isolated ciliary body potential may be 





said to behave similarly to frog skin potential (Huf, Doss, and Wills, 1957). 


Summary 


(1) The electrical potential difference (P.D.) across the isolated ox ciliary 
body suspended between two saline-filled chambers has been measured; it 
amounts to 3-80+0-26 mV, the epithelial side being positive to the stroma. 

(2) Replacement of chloride in the solution on the stromal side of the 
isolated tissue by larger anions such as sulphate or ethyl sulphate increased 
the P.D. The P.D. fell when the sodium of the sofution on the stromal side 
was replaced by choline or Mannitol. 

(3) There was a logarithmic relationship between the sodium concentra- 
tion on the stromal side of the ciliary body and the P.D., and also between 


the potassium concentration on the epithelial side and the P.D. 

(4) The potential was decreased by anoxia or in the presence of cyanide 
or 2,4: dinitrophenol, 

(5) The results indicate the occurrence of active sodium transport from 


the stromal to the epithelial side of the isolated ciliary body and it is sug- 


gested that this process may play an important part in the normal mechanism 
of aqueous humour formation. 
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RETROLENTAL DECOMPRESSION FOR 
MALIGNANT GLAUCOMA* 


BY 


A. STEWART SCOTT anp VERNON H. SMITH 
Manchester Royal Eye Hospital 


In 1869 von Graefe described a complication following operations for 
glaucoma in which a shallow or absent anterior chamber was associated 
with severe intra-ocular pain and a greatly increased intra-ocular pressure. 
This condition carried with it an extremely poor visual prognosis due to its 
resistance to any form of treatment. 

The passage of the years has done little to diminish the problem of malig- 
nant glaucoma, Indeed it has defied attempts at both prevention and cure 
with considerable success. Even the aetiology is far from certain, although 
it is now suspected that there may be certain predisposing factors which 
make a malignant course more likely to follow in the post-operative period. 
These are a shallow anterior chamber and a high ocular tension at the time 
of the operation (Chandler, 1950; Birge, 1957) and a lens relatively too 
large for the eye (Priestley Smith, 1879). 

However, these qualities are undoubtedly present in many eyes that do 
not pass into malignant glaucoma (Tamler and Maumenee, 1955), and some 
other precipitating mechanism must be present in those that do so. At the 
onset of the condition there is a considerable forward movement of the lens 
iris diaphragm. It is thought that the relatively enlarged lens then blocks 
the angle since, because of its relative disparity in size with the rest of the 
eye, the circumlental space is not wide enough to allow seepage of aqueous 
round the equator. This forward movement may be due to a variety of 
causes. 

Heerfordt (1915) suggested that uveal congestion was at fault, the engorged 
ciliary body forcing the lens forwards from behind. Chandler (1950) con- 
sidered that this could be the cause in three of his six cases although he made 
the point that vasomotor instability was common in glaucoma, but 
malignant glaucoma occurred only in 2 per cent. of glaucoma operations; 
this mechanism was thus unlikely to be a potent cause in the majority of cases. 

As an alternative, Shaffer (1954) postulated that aqueous did not flow 
forwards into the anterior chamber at the onset of the condition, but passed 
backwards, either directly into the vitreous, or behind it, detaching the 


—_—— 





* Received for publication November 2, 1960. 
654 





RETROLENTAL DECOMPRESSION FOR MALIGNANT GLAUCOMA 655 


yitreous from the retina. The vitreous was then pushed forwards carrying 
the lens iris diaphragm with it as the pressure in the posterior segment rose. 
Shaffer claimed that degeneration or even detachment of the vitreous was 
present in 50 per cent. of eyes in patients over 50 years old, and that this 
predisposed to such a posterior flow of aqueous. Furthermore, he implied 
that these vitreous changes occurred in an exceptionally high proportion of 
cases of glaucoma, especially after operation. This hypothesis suffers from 
the same weakness as the theory of uveal congestion, in that malignant 
glaucoma is fortunately rare whereas vitreous degeneration is said to be 
common. 

A third mechanism which may be at fault could be complementary to 
those mentioned above. It is quite possible that, when the pressure in the 
anterior chamber is suddenly released at operation, the pressure of the 
contents of the posterior segment drives the lens iris diaphragm forwards 
against the cornea before the fall in ocular tension has had a chance to 
become equalized throughout the eye. Provided that the anatomical con- 
ditions are suitable, malignant glaucoma now follows from this moment. 
It is easy to see that a raised ocular tension at the time of operation would 
favour this sequence, and that this could also account for a malignant 
course setting in some time after the operation in cases with an excessively 
filtering or leaking wound (Barkan, 1954; Tamler and Maumenee, 1955). 
In these patients a more gradual forward movement of the lens would take 

lace. 

F While the aetiology is thus far from certain, the treatment of the condition 
presents an even greater problem. As a rule conservative measures are use- 
less, except in cases that are only partially developed, and operation is 
therefore called for. 

The two main procedures employed in this dilemma are extraction of the 
lens and posterior sclerotomy. Extraction of the lens, first proposed by 
Pagenstecher (1877), has been practised ever since that time, usually wih 
indifferent results. 

To have the best chance of success the operation should be ataaatel as 
soon as possible after the malignant course has set in. However, because 
of the technical hazards involved in surgery, a more conservative course is 
often adopted without success, and the most favourable period for operating 
passes. When the procedure is eventually undertaken the difficulties are 
still as great as ever, the eye remains hard even when the retrobulbar 
anaesthetic has been given, the absence of the anterior chamber makes a 
conventional section impossible, and vitreous loss is commonplace. By this 
time irreparable damage has usually been done to the eye, and blindness is 
almost invariably the outcome. 

_ The decision to operate early becomes even harder to take when the eye 
in question is the only one with sight. In such a situation, in which the 
circumstances can hardly be described as favourable for major intra-ocular 
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surgery, the temptation to temporize is almost irresistible. Neverthe’: ss, 
extraction of the lens is recommended as the treatment of choice by Chan. ‘ler 
(1950), McDonald (1954), and others already noted. 

In the same year as that in which Pagenstecher advocated lens extract.on, 
Weber (1877) suggested posterior sclerotomy. He combined this delibei ate 
evacuation of vitreous with massage of the anterior chamber through the 
lid, attempting to force the lens backwards from the cornea. Priesiley 
Smith (1879) also performed this operation, though with less success than 
that claimed by Weber. In his recent survey, Chandler supported the pro- 
cedure and recommended the injection of air into the anterior chamber to 
restore its normal depth. The eventual outcome of his cases was mostly 
disappointing, but a recent paper by Cross (1959) has shown that briliiant 
results can be achieved by combining posterior sclerotomy with re-formation 
of the anterior chamber with air, provided that this is done soon enough. 

Unfortunately, many operators are only slightly less reluctant to remove 
vitreous from an eye than they are to remove the lens. The present authors 
have evolved the technique described below in an attempt to provide a 
solution to the problem that involves neither of these unwelcome procedures. 




























TECHNIQUE OF RETROLENTAL DECOMPRESSION 


A conjunctival flap is raised suitable for a cyclodialysis incision 4 mm. 
from the limbus. Surface diathermy is now lightly applied to the sclera to 
render avascular an area of some 2 mm. all round the proposed incision. 
A 4-mm. cyclodialysis incision is now made 4 mm. from and parallel to the 
limbus. A pre-placed scleral suture is inserted when a point is reached 
halfway through the sclera. 

When the full thickness of the sclera is cut through, the lips of the wound 
are held apart by the suture. Because of the raised ocular tension, the pars 
plana now bulges outwards into the wound. Separating the lips of the 
wound as far as possible, the tip of the cautery is now applied to the pars 























plana. eye v 
As soon as this structure is perforated there is a dramatic decompression On 
of the globe, with a sudden gush of aqueous out of the perforation (Figure, bog 
opposite). Sometimes a small bleb of vitreous precedes the aqueous, but if bo 
so the vitreous retracts back into the globe when the aqueous flow has ceased. the te 
The eye is now soft, and a narrow cyclodialysis is easily performed. A medic 
cannula is inserted along the cyclodialysis track, and air is now injected into out or 
the anterior chamber until this is re-formed. The scleral suture is tied, and Aft 
the conjunctiva is sutured as usual. 90m 
Case Reports ian. 

Case 1, a married woman aged 45, first attended Mr. A. Stewart Scott’s Out-patient eye ha 
Clinic at the Manchester Royal Eye Hospital on June 17, 1959, complaining of attacks Desy 






of headache, with which were associated blurred vision and haloes. 
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FiGurE.—Diagram to illustrate the condition of the eye im- 
mediately before perforation of the pars plana with the cautery. 
The aqueous is seen to be pooled in the retrolental space and 
the pars plana is bulging outwards between the lips of the 
wound due to the raised intra-ocular pressure. 


Examination.—The visual acuity was 6/6 in both eyes, the anterior chambers were 
shallow, and there was glaucomatous cupping of both discs. Perimetry revealed defects 
typical of glaucoma in both eyes, the left visual field being severely constricted. The 
ocular tension was raised to 37 mm. Hg (Schi6tz) on the right, and 42 mm. Hg (Schiétz) 
on the left. Gonioscopy showed narrow but open angles. 


Diagnosis——Chronic simple glaucoma, possibly associated with episodes of angle 
closure. 
Therapy.—Medical treatment with pilocarpine was started. 


Surgery.—These conservative measures completely failed to control the tension, and 
on July 17 an iris inclusion was performed on the left eye (V.H.S.), followed one week 
later by a similar operation on the right (V.H.S.). 


Progress.—The patient made a satisfactory recovery from these procedures, and was 
discharged on August 1. It was noted at this time that the anterior chamber of the left 
eye was very shallow, but definitely present. 

On August 13 she was re-admitted with bilateral malignant glaucoma. Both eyes 
were stony hard, and both anterior chambers were absent, with the lens and iris in contact 
with the posterior surface of the cornea. Intensive medical treatment was started, and 
after 24 hours the anterior chamber of the left eye had re-formed to some extent and 
the tension came within normal limits. The right eye, however, proved resistant to 
medical measures, and on August 17 a retrolental decompression (V:H.S.) was carried 
out on this side. 

After this, the first performance of the operation, the tension fell but not to completely 
normal limits. On August 28 the visual acuity in the right eye could be corrected to 6/9, 
but that in the left could not be improved beyond counting fingers, and the left visual field 
was greatly reduced. It was felt that this loss of vision was directly due to the attack of 
malignant glaucoma, which had damaged the left eye more than the right because that 
eye had been more severely affected by the previous glaucomatous process. 

Despite further intensive medical treatment, the tension in the right eye rose again in 
the days immediately following, until a typical picture of malignant glaucoma had once 

42 
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more been established. On August 31 a further retrolental decompression (V.H.S.) .vas 
carried out on this eye, and this was followed by completely satisfactory results. 

Two weeks later, on September 16, when the patient was on the point of disch.rge 
from hospital, the tension suddenly rose in the left eye and malignant glaucoma su »er- 
vened. Retrolental decompression was now carried out on this side (V.H.S.) with a 
satisfactory result. The patient was discharged to the Out-patient Clinic on September 27, 
when perimetry showed gross reduction of the left visual field, and there was of course 
very little vision in this eye. The right visual field, however, showed very little deteriora- 
tion from its original state. ; 

A close watch was maintained in the glaucoma clinic during the next 2 months, during 
which the tension of the right eye was never higher than 25 mm. Hg (Schi6tz), but the 
left eye repeatedly gave readings of 35 mm. Hg (SchiGtz). At this stage it was felt that 
there was little to be gained by further surgical intervention as the eye was already severely 
damaged by glaucoma. A conservative policy was therefore maintained and an attempt 
was made to control the tension with pilocarpine. Unfortunately this was not successful, 
and the patient returned on December 9, with a recurrence of malignant glaucoma in 
the left eye, having had severe symptoms for 3 days. 

In view of the past medical history of the eye, and the poor visual prognosis, relief 
from pain was regarded as the over-riding consideration. A left extracapsular extraction 
(V.H.S.) was therefore performed on the day of admission; there was no vitreous loss at 
this operation, she made a good recovery, and was discharged on December 23. 

Result.—Since that day she has been followed up as an out-patient and there has been 
no further rise of tension in either eye. She was last seen on September 30, 1960, when 
the visual acuity in the right eye was 6/5 with correction, and in the left counting fingers. 
The ocular tension was 20 mm. Hg in the right eye, and 25 mm. Hg in the left. The 
right visual field showed an arcuate scotoma arching above the fixation spot and breaking 
through to the nasal periphery, and the left visual field was tubular when taken with a 
large white object. 

Case 2, a married woman aged 43, first attended Mr. A. Stewart Scott’s Out-patient Clinic 
at Birch Hill Hospital, Rochdale, on April 4, 1960, complaining of reduced vision in the 
left eye. 

Examination—The visual acuity could be corrected to 6/6 in both eyes. The anterior 
chambers were of normal depth. The left disc showed glaucomatous cupping, but the 
right disc was flat. Perimetry revealed a constricted visual field on the left side, but no 
defect was demonstrable on the right. 

Diagnosis.—Chronic simple glaucoma. 

Therapy.—Medical treatment with pilocarpine was started, but was abandoned on 
May 2, having failed to control the tension. 

Operation.—An iris inclusion was performed on the left eye (A.S.S.). The patient 
made a good recovery, but before her discharge from hospital it was noted that the 
anterior chamber was shallow. 

Progress.—5S days later she returned complaining of pain in the eye. The anterior 
chamber was even shallower than when seen in hospital, and the ocular tension was 
44 mm. Hg (Schiétz). She was re-admitted and placed:on intensive medical treatment, 
which was successful in that the tension fell to normal iimits and there was some increase 
in the depth of the anterior chamber. She was once more discharged, with Pilocarpine 
as well as cortisone drops into the eye. 

The ocular tension remained normal for a further month, but on July 6 she returned 
with undoubted malignant glaucoma in the left eye, and was transferred to the Manchester 
Royal Eye Hospital. Retrolental decompression (V.H.S.) was performed as an emer- 
gency on that date, and she made an excellent recovery, and was discharged on July 16. 
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Result.--Since that date the tension has remained within normal limits in this eye, 
although 2 weeks after her discharge there was some circumciliary injection, and she was 
re-admitted for a few days while this mild attack of iritis settled rapidly on small doses 
of steroids. 

Since this episode the clinical course has been uneventful. On October 7 her con- 
dition was satisfactory; the visual acuity in both eyes could be corrected to 6/6 and the 
ocular pressure in both eyes was 15 mm. Hg (SchiGtz). The right visual field was normal 
and that on the left showed a slight further constriction compared with that taken at her 
first attendance. 

Comment 


For the sake of clarity most of the details of the medical treatment given 
to these cases have been omitted. Routine medical treatment for glaucoma 
consisted of pilocarpine drops in a strength of | or 2 per cent. instilled three 
times a day. For intensive medical treatment eserine was used in a strength 
of 1 per cent. frequently instilled, combined with hot bathings and Diamox. 
After the iris inclusion operations, homatropine drops were instilled in the 
operating theatre and cortisone drops were given subsequently. After 
retrolental decompression, in addition to this routine, small doses of systemic 
steroids were given for a month, starting with prednisolone 5 mg. three times 
a day and tailing off gradually. Immediately after the operation a short 
course of systemic antibiotics was also given. 


Some other aspects of these cases call for further consideration: 


Case 1 

Right Eye.—Retrolental decompression was performed twice on this eye. 
The first occasion was our very first experience with the technique, and instead of 
penetrating the pars plana with a red hot cautery, as was done on subsequent 
occasions, we cut it through with a pair of scissors after preliminary surface 
diathermy had been applied. We feel that this incision may have healed up, thus 
re-establishing the conditions leading to malignant glaucoma. There has been 
no trouble since the second operation, which was performed according to the 
technique already described. 


Left Eye.—By the time this eye came to operation it had been irretrievably 
damaged by the first attack of malignant glaucoma. Indeed it was debated 
whether retrolental decompression was justifiable in view of its experimental 
nature, or whether the lens should be removed purely as a pain-relieving pro- 
cedure. In fact the former course was chosen, but we feel that we cannot offer 
any reasonable explanation for its failure. Depressing results are frequently 
encountered when eyes in an advanced state of glaucoma are subjected to opera- 
tion, and it would seem that retrolental decompression is no exception in this 
Tespect. 


Case 2.—This case went completely as planned except for a mild attack of post- 
Operative iritis 2 weeks after discharge from hospital. This settled well on steroid 
treatment which, as might be expected, is an invaluable adjunct to a surgical 
procedure such as this. It is interesting that this is the only instance where there 
has been any sign of iritis, and in an operation involving a direct attack on the 
ciliary body thoughts of sympathetic ophthalmitis are naturally always present. 
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Discussion 

The exact effect of the operation on the eye cannot as yet be descrived 
with any accuracy. It plainly has an action additional to that of siniple 
decompression. Even when it is combined with injection of air into the 
anterior chamber, this would not alter the situation sufficiently to prevent 
the eye relapsing into malignant glaucoma once the decompression wound 
had healed and the air had been absorbed. 

We suggest that some filtration of aqueous takes place through the hole 
in the pars plana into the suprachoroidal space, and possibly also through 
the scleral incision into the subconjunctival space, although no obvious 
drainage bleb has been visible at this site. This would prevent any build-up 
of aqueous in the retrolental space with the resulting forward movement of 
the lens iris diaphragm. 

To support this theory of trans-planal filtration, we may recall the very 
first time the operation was performed, when the pars plana was cut through 
with scissors after the application of surface diathermy. As already stated 
we feel that this incision must have healed up with the reconstitution of the 
necessary anatomical factors for a malignant course to supervene. The 
original operation site was not re-explored to verify this assumption as it 
was felt that this would be unwise. We suggest, however, that it is significant 
that the eye has been normo-tensive since a much larger and perhaps more 
efficiently-draining hole has been burnt in the pars plana. 

The operative findings also throw some light on the vexed question of the 
aetiology of the condition. It would seem that aqueous collected in the 
retrolental space in every eye on which we operated; thus anterior disloca- 
tion of the vitreous by aqueous passing back between it and the retina could 
not have occurred to any noticeable degree. 

It is possible that the mechanism described by Shaffer may be operating 
in many cases, but as yet we cannot confirm this. 

In both our patients some other explanation must be sought for the gross 
forward movement of the lens iris diaphragm that took place. All these 
iris inclusions showed good filtration, and it is possible that excessive 
drainage may have been a factor, perhaps combined with abnormal mobility 
of the lens. What part was played by hypersecretion of aqueous or ciliary 
congestion, either alone or in combination with these factors, we cannot say. 

In attempting to assess the value of the procedure we are naturally ham- 
pered by lack of experience, and to some extent by the brevity of the follow-up 
period. We feel, however, that it offers a simple and not unattractive 
alternative to lens extraction or posterior sclerotomy in a condition where 
the results of surgical treatment (with notable exceptions) are depressing to 
a degree excelled only by those of more conservative measures. 

Just as ophthalmologists shrink from the two standard operations, it is 
understandable that they might undertake deliberate surgery of the ciliary 
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body with some reluctance, although for some time the pars plana has been 
a favourite site for penetrating the globe when injecting substances into the 
vitreous, and indeed cataract extraction has also been carried out by this 
route (Young, 1957). In this connexion we would emphasize that only one 
. eye showed any degree of post-operative iritis, and that this was easily 
controlled by steroids. 

If, however, the operation stands the test of time, which at the moment 
it shows some signs of doing, we suggest that it may help in evolving a new 
approach to deliberate surgery of the ciliary body, perhaps also for other 
varieties of glaucoma. 


We are grateful to the Department of Medical Illustration of the Manchester Royal Infirmary 
for their skill and co-operation in the production of the figure. 
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SUPERIOR ORBITAL FISSURE SYNDROME 
OF UNCERTAIN AETIOLOGY* 
REPORT OF TEN CASES 
BY 
A. MORTADA 
Department of Ophthalmology, Faculty of Medicine, Cairo University, Egypt 





DuKE-ELDER (1949) stated that ‘‘a considerable number, probably some 15 
to 20 per cent. of cases of ophthalmoplegias always remain undiagnosed and 
must be classified as of uncertain aetiology despite the most careful investiga- 
tions”’. 

Roger and Alliez (1935) collected fifty cases of superior orbital fissure 
syndrome from the literature and added fifteen of their own; in 27 the 
cause was orbital apex neoplasm, seventeen were syphilitic, and many were 
of uncertain presumably inflammatory origin. Rucker (1958) gave statistics 
of 1,000 cases of ocular nerve paralysis, and showed that 3rd and 6th nerve 
affections were common. Paralysis of the 4th or combined 3rd, 6th, 4th 
nerves were infrequent. The causes were trauma to the head 17 per cent.; 
cerebral neoplasms 17 per cent.; vascular diseases and diabetes 15 per cent.; 
aneurysms of the circle of Willis 11 per cent.; infections, poliomyelitis, 
syphilis, and disseminated sclerosis 12 per cent., and undetermined in 
28 per cent. 

Unilateral ophthalmoplegias of uncertain origin may present in various 
ways: 

(1) The superior orbital fissure syndrome, first described by Rochon-Duvigneaud 
(1896), is characterized by local pain, proptosis, paralysis of the 6th, 4th, 3rd, and 


first division of the 5th nerves, with neuralgic pains, and anaesthesia of the upper 
lid, side of the nose, forehead, temple, conjunctiva, and cornea. 

(2) The partial superior orbital fissure syndrome may present as complete or 
partial 3rd or 6th nerve paralysis, usually accompanied by affection of the naso- 
ciliary nerve giving neuralgic pain and anaesthesia of the cornea and of the skin 
and conjunctiva of the medial canthus. Paralysis of the 4th nerve alone is rare. 


(3) The orbital apex syndrome is a superior orbital fissure syndrome with 
involvement of the optic nerve in retrobulbar neuritis or papilloedema which may 


. be followed by atrophy. 


Collier (1921) described a sphenoidal fissure syndrome in patients at any 
age from puberty onwards which was due to transient periostitis of the 


sphenoid fissure. In many cases he attributed the condition to exposure to 
cold or to septic nasal sinuses; but in many others the cause was not obvious. 


He compared these cases to cases of common Bell’s palsy. Almost all his 
* Received for publication December 1, 1960, 
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forty cases recovered completely in a period varying from a few weeks to a 
few months. In one case the optic nerve was involved. von Graefe (1866), 
Landesberg (1880), Uhthoff (1886), Suckling (1886), Wilson (1921), and 
others have described paralysis of the 6th nerve and complete ophthal- 
moplegia after exposure to cold or wet, which they attributed to acute infec- 
tive (rheumatic) neuritis of the peripheral ocular nerves. Holmes (1931) 
suggested that the change of temperature lowered the resistance to a virus. 

Jefferson (1947) found that of 158 intracranial aneurysms, 55 caused 
isolated paralysis of the oculomotor nerve with persistent unilateral pain in 
the distribution of the trigeminal, the 3rd nerve never regaining complete 
function. Hyland and Barnett (1954) studied 35 cases of oculomotor nerve 
paralysis caused by cerebral aneurysms; in eighteen the oculomotor nerve 
was compressed directly by the aneurysm, and in the remaining seventeen 
the nerve was involved by some secondary mechanism produced by haemor- 
thage. Henderson (1955) showed that angiography was positive in 94-5 per 
cent. of 91 patients; the aneurysm was missed in six patients, being obliterated 
by thrombosis. 

Present Investigations 

In the four cases of unilateral complete superior orbital fissure syndrome, 
three cases of incomplete superior orbital fissure syndrome, and three cases 
of orbital apex syndrome to be described in this paper, the general, ocular, 
thinological, and neurological investigations were negative, and the cause of 
ophthalmoplegia remained uncertain. 

Unilateral ocular nerve paralysis developed quickly with varying degree 
of headache, pain in the eye, and neuralgia of the forehead and temporal 
region on the affected side. The condition did not date from birth. There 
was no history of head trauma, strain, migraine, syphilis, or rheumatic pains. 
The patients were not alcoholics or taking drugs such as barbiturates to cause 
intoxication. There was ‘no recent history of fevers such as diphtheria, 
influenza, measles, small pox, typhoid, typhus, mumps, malaria, whooping 
cough, septicaemia, cerebrospinal meningitis, poliomyelitis, or encephalitis, 
nor of a neurological disease or loss of consciousness. 

The patients’ general health was perfect. There were no signs of pellagra, 
beri-beri, or scurvy, and no allergic or hysterical manifestations. The skin 
of the face did not show any boils or herpetic eruptions. There was no 
enlargement of parotid, lacrimal, thyroid, or lymph glands, and no malignant 
tumour in the body. The temperature, blood pressure, pulse, and heart 
were normal. The chest did not reveal any tuberculous lesion. There 
were no foci of infection, such as septic teeth, etc. The tonsils and nasal 
sinuses were normal, with no sign of otitis media or nasopharyngeal tumours. 

Apart from the unilateral ophthalmoplegia there was no other neurological 
manifestation. The motor and sensory systems, reflexes, and sphincters 


were normal. There was neither subjective or objective evidence of increased 
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intracranial pressure nor any endocrine or trophic changes. The cli: ical 
test for myasthenia gravis was negative and there was no lethargy. Tuiere 


was no sign of disseminated sclerosis after prolonged observation. 

There was no oedema of the lids or chemosis of the conjunctiva to account 
for an acute orbital inflammation; and no subconjunctival haemorrhage or 
lid ecchymosis. Apart from cases of orbital apex syndrome showing 
papilloedema or optic atrophy on the affected side, there were no fundus or 


field changes. There was no arteriosclerosis of the retinal blood vessels, 
and no nystagmus or palpable orbital mass. 


Urine was free of sugar, acetone, and albumin. The stools were negative 
for parasites. The blood Wassermann reaction was negative. The haemo- 
globin percentage, blood counts, erythrocyte sedimentation rate, blood sugar 
curve, bleeding and clotting time were normal. The Mantoux test was 
usually negative. The basal metabolic rate was normal. The cerebro- 
spinal fluid, pressure, cells, protein, and salt were normal, and showed no 
red blood corpuscles. 


A lateral x ray of the skull did not reveal changes in the sella turcica or 
clinoid processes, or any suprasellar or sellar calcification. The sphenoid 
sinus was normal. A postero-anterior view with 20° tube tilt showed no 
change denoting osteoperiostitis in the bony margin of the superior orbital 
fissure, or in the lesser or great wings of sphenoid. The anterior ethmoidal, 
maxillary, and frontal air sinuses were normal. Right and left oblique 
views showed normal optic canals and posterior ethmoidal air cells. A view 
of the base of the skull showed normal anterior and posterior ethmoidal and 
sphenoidal sinuses. The nasopharynx showed no abnormality. Lateral 
and postero-anterior angiograms did not show any sign of intracranial 
aneurysm. 

The orbital apex was explored in most of the cases, to ascertain the cause. 
A lateral transconjunctival orbitotomy, after an external canthotomy (Knapp, 
1874; Reese, 1941) was used. The intermuscular fascia between the lateral 
and inferior recti was cut, and the little finger palpated gently the apex of 
the orbital muscle space around the optic nerve, especially on its lateral 
side, to find the cause. 


Case Reports 


1.—Superior ORBITAL FissuRE SYNDROME 


Case 1, a 32-year-old single female (Fig. 1, opposite), had a right superior orbital fissure 
syndrome of one week’s duration. The visual acuity was 6/6. There was right proptosis 
2] mm, (left 16mm.) The fundiwerenormal. Apart from paralysis of the right 3rd, 4th, 
6th, and Ist branch of the Sth nerves there were no ocular or neurological findings. 
The history and investigations were not suggestive of the causal lesion. The case was 
treated with vitamin C and B complex, calcium, and iodides. After 4 months the con- 
dition began to improve, and proptosis and ptosis disappeared. The right pupil became 
normal in size and reactions, and the ocular movements to the left and to the right were 
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perfect. Upwards and downwards ocular movements were still defective, but these 


were regained in the course of a further 2 months. 


Fic. 1.—Case 1, right superior orbital fissure 
syndrome in a female aged 32. The right upper 


lid is raised. Note proptosis and outward 


deviation of the right eye, 


Case 2, a 10-year-old male, had left partial ptosis and inability to move the left eye 
inwards, for 2 days, In another 2 days, while using antibiotics and vitamin C and B 
complex, the condition progressed to a complete superior orbital fissure syndrome. The 
left eye showed proptosis 25 mm. (and the right 16 mm.) and could not be moved up- 
wards (Fig. 2), downwards, or sideways. The visual acuity was 6/6, and the fundi were 
normal. 


Fic. 2.—Case 2, left superior orbital fissure 
syndrome in a boy aged 10, caused by a blood 


cyst. The lid is elevated, and patient is look- 
ing upwards. Note left proptosis and absence 
of upward movement of the left eye. 


There were no other neurological findings. The investigations did not point to any 
diagnosis. Angiography did not reveal any intracranial vascular abnormality. Orbital 
exploration of the apex of the muscle cone space revealed a mass on the postero- 
lateral side of the optic nerve extending to the apex of the orbit. It measured 1 x1 cm., 
and was smooth, tense, and difficult to separate from the surrouading tissues by little 
finger dissection. On separating it with scissors, dark blood was evacuated and the mass 
immediately disappeared. A blood cyst under tension at the apex of muscle cone space 
was diagnosed. One week after the puncture of the cyst the proptosis and ptosis dis- 
appeared. ‘The left pupil became normal in size and reactions, and the patient could 


move his left eye sideways, downwards, and upwards. 


Case 3, an 8-year-old girl (Fig. 3), had had a left superior orbital fissure syndrome for 
one week. The history and investigations did not suggest any diagnosis. The visual 
acuity was 6/9, and the fundi were normal. Proptosis on the left side measured 25 mm. 
(and on the right 16 mm.). 


Fic. 3.—Case 3, left superior orbital fissure 
syndrome in a girl aged 8, caused by encysted 


blood pressing on the ocular nerves. The 
upper lid is raised. 


Exploration of the orbital apex with the fittle finger revealed a smooth tense mass 
1x1-5 cm. adherent to the postero-lateral side of the optic nerve. On separation of 
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the edges of the mass with scissors, altered blood came out, and the mass immediz .<ly 
disappeared. A blood cyst under tension at the orbital apex was diagnosed. A ‘ter 
another week the patient recovered. 


Case 4, a 36-year-old woman (Fig. 4), had had a left superior orbital fissure syndrome 
for 2 months. The history and investigations were negative. The visual acuity was 
6/24, and with -2 D sph. 6/9. The fundi were normal. 


Fic. 4.—Case 4, left superior orbital fissure 
syndrome in a woman aged 36, caused by an 
inflammatory pseudotumour. The upper lid 
is raised. 


The left proptosis measured 20 mm. (and the right 16 mm.). -For 2 months the 
aetiology of the ophthalmoplegia was uncertain, and after 2 more weeks the proptosis 
increased and a hard mass was felt between the globe and the orbital roof. Surgical 
exploration of the orbit revealed a pink mass measuring 1 x 3 cm. extending backwards 
towards the superior orbital fissure. Histological examination showed a chronic non- 
specific inflammation associated with fibrosis. The inflammatory cells consist of 
lymphocytes and plasma cells, with a small number of eosinophils, mainly concentrated 
around blood vessels. The picture is consistent with a diagnosis of inflammatory 
pseudotumour. 


II.—PARTIAL SUPERIOR ORBITAL FISSURE SYNDROME 


Case 5, a 22-year-old male, complained of binocular diplopia on looking to the right, 
and severe headache and pain in the left eye for one week. Examination revealed left 
lateral rectus paralysis and anaesthesia in the distribution of the left nasociliary nerve, 
i.e. of the cornea, and skin and conjunctiva of the medial canthus, and limitation of 
inward movements of the left eye (Fig. 5). The pupillary reactions were intact, and 
ocular movements to the left were perfect. The visual acuity was 6/6, and the fundi 
were normal. The history and investigations were negative. 


Fic. 5.—Case 5, left partial 3rd and nasociliary 
nerve paralysis in a male aged 22. The patient 
is looking to the right. 


Using iodides, vitamin C, and calcium, the patient was cured in 3 weeks before orbital 
exploration was attempted. 


Case 6, a 16-year-old girl (Fig. 6, opposite) had had a right 3rd nerve paralysis and anaes- 
thesia in the distribution of the right nasociliary nerve for 2 weeks. The right eye was prop- 
tosed 21 mm. (and the left 17 mm.). The visual acuity was 6/6, and the fundi were normal. 
The history and investigations were negative. Right orbital exploration showed a tense 
blood cyst measuring 1 x 1 cm. lying beside the optic nerve at the apex of the muscle cone 
space. Puncture of the cyst evacuated altered dark blood and the patient was cured. 
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Fic. 6.—Case 6, right complete 3rd and naso- 
ciliary nerve paralysis in a girl aged 16, caused 
by pressure of encysted blood at the orbital 
apex. The upper lid is raised. 


Case 7, a 30-year-old male (Fig. 7) complained of diplopia on looking to the left, 
accompanied by severe neuralgic pain in left side of face and headache for 12 days. The 
visual acuity was 6/9, and the fundi were normal. There was left 6th nerve paralysis 
with limitation of laevoversion in the left eye. The other ocular movements were normal. 


Fic. 7.—Case 7, left 6th and nasociliary nerve 
paralysis in a male aged 30. 


There was also anaesthesia in the distribution of nasociliary nerve. The history and 
investigations were negative. A cure was effected in one month by the use of Diamox, 
iodides, and vitamin B complex. 


Tl].—OrsiTAL APEX SYNDROME 


Case 8, a 13-year-old girl (Fig. 8), complained of right proptosis that had begun with 
vomiting 2 months before, and had previously occurred twice at the ages of 6 and 10. 
On each occasion the proptosis had persisted for 3 months, and had then subsided. The 
nose was depressed after an injury in childhood. Examination showed a right orbital 
apex syndrome. The right proptosis measured 25 mm. (and the left 17mm.). The right 
fundus showed post-papilloedemic optic atrophy. The visual acuity was counting fingers 
at20cm. The right pupil was dilated and inactive. There was no palpable orbital mass. 

The left fundus was normal, and the visual acuity 6/6. 


Fic. 8.—Case 8, right orbital apex syndrome in 
a girl aged 13, caused by encysted blood. The 
lid is raised. Note proptosis and outward 
deviation of the right eye. 


Apart from the vomiting, the history and investigations were negative. Exploration 
of the right orbit revealed a tense cystic swelling measuring 1 x 1 cm. within the apex of 
the muscle cone space attached to the upper surface of the optic nerve. On blunt finger 
dissection the cyst ruptured and altered chocolate-coloured blood was evacuated that 
Stained the orbit and subconjunctival tissues. One week later the proptosis and ptosis 
had disappeared, and the ocular movements of the right eye were normal. As this case 
showed, vomiting is a frequent symptom in acute orbital haemorrhage, the trigemino- 
vagus stimulation exciting an oculo-gastric reflex (Rollet and Paufique, 1929). 
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Case 9, a 20-year-old girl, complained of diminution of vision, proptosis, and p:.sis 
in the right eye for 20 days. She noticed the proptosis first, and this was followed ir: the 
course of the day by ptosis and blurring of vision. Examination showed a right oriital 
apex syndrome with complete absence of ocular movement in the right eye (Fig.9). ‘The 
proptosis in the right eye measured 21 mm. (and in the left 16 mm.). The right fui.dus 
showed papilloedema, and the visual acuity was counting fingers at 50 cm. 


The left fundus was normal, and the visual acuity 6/6. 


Fic. 9.—Case 9, right orbital apex syndrome 
in a girl aged 20, caused by encysted blood. 
beg “4 is raised, and the patient is looking to 
the left. 


The history and investigations were negative. Exploration of the right orbital apex 
revealed a tense cystic swelling measuring 1 x 1 cm. on thé lateral surface of the optic nerve. 
Little finger dissection effected the evacuation of dark blood. After one week the pro- 
ptosis and ptosis were cured, the ocular movements improved, the papilloedema disap- 
peared, and the visual acuity was 6/12. 


Case 10, a 55-year-old farmer, complaining of headache and severe neuralgic pain on 
the right side of the face, was admitted to the neurological section as a case of trigeminal 
neuralgia. The fundi were normal and there was no proptosis or ophthalmoplegia. 
The visual acuity was 6/9 in the right eye. 

The left cornea was cloudy and the visual acuity 6/60. 

3 months later the patient developed a right orbital apex syndrome (Fig. 10). 


Fic. 10.—Case 10, right orbital apex syndrome 
in a male aged 55, caused by a tuberculoma. 
The lid is raised. 


The right fundus showed optic atrophy, and the visual acuity was reduced to counting 
fingers at 50 cm., with a proptosis of 22 mm. (the left being 16 mm.). The history and 
investigations were negative, apart from a positive tuberculin test. Because of the right 
ophthalmoplegia and headache, a non-fistulous internal carotid aneurysm in the cavernous 
sinus was suspected, but this was ruled out by angiography, and the cause of the ophthalmo- 
plegia remained uncertain for about 4 months. But later the proptosis increased and a 
hard nodular mass was felt between the globe and the upper orbital margin. Surgical 
exploration of the orbit showed an irregular pink non-encapsulated mass partly hard and 
partly soft, measuring 3 x 2 c. and extending around behind the optic nerve as far as the 
orbital apex. Histological examination showed tuberculous granulation tissue with a 
typical giant cell system and areas of caseation, and the diagnosis of tuberculoma of 
the orbit was confirmed. 
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Discussion 

As examples of ophthalmoplegia of unknown aetiology, four cases of 
superior orbital fissure syndrome, three cases of partial superior orbital 
fissure syndrome, and three cases of orbital apex syndrome have been 
described (Table). The orbital apex was explored in most of the cases to 

find the cause. 

TABLE 
ANALYSIS OF 10 CASES 





. : F Nerve Orbital Apex 
Diagnosis f Sex Side Affected xt pom 





oo _— Le chr qeamsigy vce 
i ale t cyst 

pa rciacl (punctured) 
Fis . Female | Left Blood cyst Cured 
“Ske se (punctured) 
yndrome Female | Left Pseudotumour | Improved 
(removed) 





Partial 3rd and} Not explored 
nasociliary 
Partial 
Superior 3rd and naso-| Blood cyst 
Orbital ciliary (punctured) 
Fissure 
Syndrome 6th and naso-| Not explored 
ciliary 





Female | Right Blood cyst Cured 
Orbital (punctured) 
Apex Female | Right Blood cyst Cured 
Syndrome (punctured) 
Male Right Tuberculoma Improved 


























Cases of superior orbital fissure and orbital apex syndromes of unknown 
aetiology are usually regressive and curable, and rarely accompanied by 
progressive proptosis. 

Orbital apex exploration showed that in many cases the ophthalmoplegia 
was due to a small blood cyst under tension at the orbital apex pressing the 
ocular nerves against the superior orbital fissure edges. The origin of blood 
cyst is spontaneous haemorrhage from thin-walled capillaries, which may 
follow an unnoticed strain, similar to cases of spontaneous subconjunctival 
haemorrhage. The extent of the ophthalmoplegia varies from 3rd or 6th 
nerve paralysis usually accompanied by affection of the nasociliary nerve, to 
the complete superior orbital fissure syndrome or orbital apex syndrome 
according to the site and severity of the pressure. 
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Stallard (1958) noted that pressure from blood after trauma within ‘he 
superior orbital fissure might cause ophthalmoplegia, and that absorpi:on 
of the blood resulted in recovery. Orbital blood cysts with absence of the 
endothelial lining resulting from a breakdown of a haematoma have b2en 
reported by Denig (1902), d’Amico (1924), Wheeler (1937), Svoboda (1948), 
and other authors. 

The orbital muscle cone space is limited anteriorly by the union of the inter- 
muscular membranes with Tenon’s capsule. Charpy and Clermont (1911) 
showed that effusions in this space did not involve the lids or conjunctiva, 
the only leakage being towards the apex of the orbit. Blood in this space 
does not show as subconjunctival haemorrhage or ecchymosis of the lids, 
but leaks towards the superior orbital fissure. The encysted blood may 
then press on the ocular nerves causing ophthalmoplegia and even optic 
nerve lesions. 

Many cases of recoverable ophthalmoplegia were attributed to sphenoidal 
or ethmoidal sinusitis, causing reactionary orbital oedema, toxic neuritis, 
or an affection of the superior orbital fissure. These lesions may result in 
. isolated or multiple nerve paralysis which may recover (Dimsdale, 1948; 
Phillips, 1948) or in the orbital apex syndrome (Trantas, 1893; James, 
Thomson, Colledge, and Hodgson, 1936; Kjoer, 1945). Dimsdale and 
Phillips (1950) reported four cases of ocular palsy and six cases of superior 
orbital fissure syndrome which recovered spontaneously and were due to 
sphenoidal and posterior ethmoidal sinusitis. Perhaps in some of these 
cases, exploration of the apex of the orbit would have shown the presence 
of encysted blood at the apex of the muscle cone space pressing the ocular 
nerves. 

Ophthalmoplegia, with progressive proptosis of uncertain origin, as in 
Cases 4 and 10, may be due to tuberculoma, inflammatory pseudotumour, 
or tumour beginning at the orbital apex. In the course of time the orbital 
mass usually extends forwards and becomes palpable, and biopsy then 
reveals the cause of the ophthalmoplegia. 


Treatment 


Unilateral partial or complete superior orbital fissure syndrome and 
orbital apex syndrome of uncertain aetiology may be treated medically by 
iodides, calcium, vitamins C and B complex, and Diamox. Many of these 
cases are due to encysted blood pressing the ocular nerves in the region of 
superior orbital fissure. This blood is usually absorbed in 3 weeks to 
4 months according to the severity and rate of its absorption, and the 
ophthalmoplegia is then cured. Incomplete recovery may be due to nerve 
damage or fibrosis. In cases of incomplete superior orbital fissure syndrome, 
especially when the eye is not proptosed, digital exploration of the orbital 
apex through a lateral canthotomy is usually impossible, owing to the diffi- 
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culty of introducing the little finger between the lateral orbital wall and the 
globe. Kronlein’s operation is unnecessary as these cases usually recover. 


Exploration of the orbital apex is indicated in the following cases: 


(1) Orbital apex syndrome, before optic atrophy occurs. 

(2) Complete superior orbital fissure syndrome if medical treatment is un- 
successful after about 4 months, for fear of permanent damage to the ocular nerves. 
In these cases a blood cyst is usually found at the apex of the muscle cone space, 
and puncture of the cyst usually results in recovery. 

(3) Ophthalmoplegia with progressive proptosis, especially when a ralpable 
orbital mass is present. 

Summary 


Cases of partial or complete superior orbital fissure syndrome and orbital 
apex syndrome of unknown aetiology are usually regressive and curable. 


They are rarely accompanied by progressive proptosis. 
(1) Exploration of the apex of the orbit showed that many of these ophthal- 


moplegias are due to spontaneous haemorrhage giving rise to encysted blood 
under tension which presses the ocular nerves against the superior orbital 
fissure edges. The extent of ophthalmoplegia varies with the site and 
severity of the pressure. Absorption of blood in 3 weeks to 4 months is 


usually followed by recovery. 
(2) Ophthalmoplegia of uncertain origin with progressive proptosis may 
be due to tuberculoma, inflammatory pseudotumour, or a tumour beginning 


at the orbital apex. 
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JUXTAPAPILLARY HAMARTOMA OF RETINA* 


BY 
B. S. CARDELL anp MARY J. STARBUCK 


From the Departments of Pathology and Ophthalmology, King’s College Hospital and Medical 
School, London 


Tuis réport is concerned with an unusual tumour-like developmental anomaly 
of the retina which gave rise to progressive loss of vision. 


Case Report 
An 11-year-old boy was referred to the clinic in June, 1959, with defective vision in the 
left eye, noted at a routine school medical examination. The visual acuity had been 
recorded as 6/6 in each eye 4 years before, and there was no history of trauma or infection, 
or any family history of defective vision. 

Examination.—The right eye was normal with a visual acuity of 6/5. 

In the left eye the visual acuity was 6/36 and could not be improved. At the posterior 
pole of the left eye there was an obvious oval raised greyish mass, approximately four 
times the area of the disc, extending from the nasal side of the disc to the temporal side 
of the macular area. The lesion was diffusely pigmented, with some scattered areas of 
darker pigment just above the disc. The edges were fairly well defined. The retinal 
vessels appeared normal, but their origins were partially obscured by the mass. The eye 
was otherwise normal. The appearance was suggestive of a lightly-pigmented choroidal 
melanoma. General clinical examination revealed no abnormalities elsewhere in the 
body and, in particular, no skin blemishes or subcutaneous nodules were present. 


Progress.—The lesion was photographed (Fig. 1) and kept under observation. 


Fic. 1.—Retinal photo- 
graph, showing a pigmented 
oval mass overlying the optic 


disc. 





* Received for publi 








the 
en 
on, 


JUXTAPAPILLARY HAMARTOMA OF RETINA 673 


A raonth later it appeared to be increasing in size and a P32 uptake test was performed. 
This showed a slightly higher uptake over the tumour in the left eye compared with 
the corresponding area in the right eye, but the increase was not up to the level which is 
usually considered significant. 

Operation.—The mass continued to increase slowly in size and enucleation was carried 
out in September, 1959. The post-operative course was uneventful and the boy was 
perfectly fit 12 months later. 

Pathology.—The excised eye was of normal size. After fixation it was bisected. The 
only abnormality present was a rounded creamy-white plaque-like thickening of the 
retina, 7 mm. in diameter, which overlaid the optic disc and extended laterally towards 
the macula (Fig. 2). 


Fic. 2.—Plaque-like thickening of retina overlying optic disc. Haematoxylin 


and eosin. x33 


Sections of the lesion showed it to be a hamartoma lying in, and replacing, the inner 
layers of the retina. It was composed of abundant fibrillary glia, small thin-walled blood 


vessels, and melanin-pigmented epithelial cells. There was no clear-cut margin to the 
lesion on its deep aspect where it mingled with the adjacent normal retinal tissues. Over 


the greater part of the inner surface of the lesion, which abutted on the vitreous, the inner 
limiting membrane of the retina was replaced by a layer, one to six cells thick, of epithelial 


cells which were laden with melanin pigment (Fig. 3). 


we 
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Fic. 3.—Pigmented epithelial cells lining surface of lesion. Haematoxylin and 
eosin. x 430. 
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The degree of involvement of the retina varied considerably in different regions, out 
the inner layers were affected more than the outer layers. At the medial margin of the 
optic disc there was only gliosis of the layer of optic nerve fibres (Fig, 4), Elsewheie in 
the lesion there was an intimate admixture of glia, small blood vessels, and pigmeiited 
epithelial cells. A mass of this abnormal tissue completely covered the optic disc and 
obliterated the normal physiological cup, but deep to the lamina cribrosa the optic nerve 
was norma), 


Fic. 4.—Medial margin of disc, 
showing layer of pigment epithe- 
lium and_ gliosis. Haematoxylin 
andeosin. x 114. 


On the lateral side of the disc there was greater distortion of the retina. Immediately 
adjacent to the disc the whole thickness of the retina, apart from the innermost layer of 
pigment epithelium, was replaced by this abnormal mass of tissue (Fig. 5, opposite). More 
laterally there was a progressive decrease in the number of retinal layers involved and there 
was no clear line of demarcation between normal and abnormal tissues (Fig. 6, overleaf). 

In most parts of the lesion glial fibres predominated. The blood vessels which coursed 
through this glial network were irregularly arranged and varied in size up to 190 in 
diameter, Many of these vessels were capillaries but some had a thin layer of muscle 
fibres in their walls. The melanin-laden epithelial cells, which appeared to be derived 
from the pigment epithelium of the retina, ensheathed the abnormal blood vessels in the 
lesion (Fig. 7, overleaf) and formed a fining zone on the surface in contact with the 
vitreous. ‘Throughout the lesion there was no evidence of recent or old haemorrhage or 
of degenerative changes and only a very occasional mitotic figure was found. 
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Fic. 5.—Lateral side of disc, show- 


ing replacement of whole thickness 
of retina. Haematoxylin and 
eosin. x 114, 


The term hamartoma was introduced by Albrecht (1904) and applied to a 


group of tumour-like developmental anomalies. These lesions are character- 


ized by an abnormal mixture of the tissues that normally occur in the area 


affected together with an excessive growth of one or more of these tissues. 


They may grow during periods of growth of the body as a whole, but con- 


tinued progressive growth, the hallmark of true neoplasms, does not occur. 
Furthermore, these lesions are benign and only rarely undergo malignant 
change. 

On structural grounds the present lesion is clearly a hamartoma, and the 


clinical story is in accord—an enlarging lesion in a child with no suggestion 


of any traumatic or infective aetiology. Any form of hamartoma of the 


fetina is uncommon (Reese, 1956; Russell and Rubinstein, 1959) and this 
lesion differs from most of the previously reported cases. It is quite unlike 


the predominantly glial lesions that may occur in tuberose sclerosis or von 
Recklinghausen’s disease and, furthermore, there is no family history of 
similar lesions and no evidence of any anomaly elsewhere in the body. 
Some haemangiomata of the retina show a proliferation of glia (Carr and 
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Fic. 6.—Lateral part 
of lesion with no 
clear demarcation 
between normal and 
abnormal _ tissues. 
Haematoxylin and 
eosin. x 114. 








Fic. 7.—Small blood vessels surrounded by melanin-laden epithelial cells. 
Haematoxylin and eosin. x 530. 
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Stallard, 1933; Cross, 1943; Souders, 1949) and this may be of a considerable 
degree, as in the case recorded by Wilder (1946) in which there was an intimate 
mixture of glia and small blood vessels giving an appearance identical with 
that seen in many areas of the present lesion. In none of these 
haemangiomata, however, has there been any proliferation of melanin- 
pigmented epithelial cells like that of the present case. 

Under the title of “hyperplasia of the retinal pigment epithelium”’, 
Theobald, Floyd, and Kirk (1958) reported on two patients (one boy and 
one girl) who presented when aged 11 years with plaque-like lesions of the 
optic disc. In each instance vision was impaired, the lesion increased in 
size, and the eye was enucleated as a malignant tumour was suspected. 
Histological examination of the eyes showed an appearance essentially 
similar to that in the present case: the lesions were not neoplasms and were 
composed of intermingled retinal pigment epithelium, glia, and capillaries. 
In one case areas of hyalinization and calcification of the stroma were also 
present—probably due to degenerative changes. In both these patients the 
lesion was very like that of our present case and would be better regarded as 
a hamartoma than as a hyperplasia of the retinal pigment epithelium. 

The clinical importance of these pigmented hamartomatous lesions lies 
in their close resemblance to malignant melanomata, and as yet, 
unfortunately, there are no diagnostic features by which they can be 
differentiated. It is, of course, highly desirable to distinguish between them 
because, although they lead to progressive impairment of vision, the 
hamartomata are not malignant and do not endanger life. 


We wish to thank Professor H. A. Magnus and Mr. L. H. Savin for their advice and criticism, 
and Mr. G. Harwood for the photographs. 
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SURGICAL CURE OF SENILE ENTROPION* 


BY 
WALLACE S. FOULDS 








































Addenbrooke’s Hospital, Cambridge t 
THE large number of surgical procedures which has been devised for the 
treatment of senile entropion suggests that none is universally successful. : 
In this paper a new operation which has been successfully employed for over ( 
3 years in the treatment of entropion is described. Not only has this P 
procedure resulted in a cure of the condition in every case in which it has . 
been used, but in addition the cosmetic appearance of the eyelid post- 
operatively has been excellent. It is thought that the operation offers 0 
advantages over other procedures currently used in the correction of this pe 
deformity. de 
; fa 
History 
Entropion of the lower lid was recognized, and surgical treatment of the 
condition described nearly 2,000 years ago by Celsus (Arruga, 1956). For Ti 
many years the condition was believed to be due to spasm of the orbicularis * 
muscle, but more recently it has been attributed to laxity of one or more of | 
the lid structures together with a loss of lid support due to enophthalmos tar 
resulting from atrophy of orbital fat. Fox (1959) has shown that the ent 
condition is not relieved by local anaesthesia of the eye nor by facial nerve We 
block, and many writers (Butler, 1948; Fox, 1951; Kirby, 1953) have stressed it 1 
that it occurs where the tissues of the lid are atonic and there is no evidence the 
of orbicularis spasm. Fuchs (1917) noted that senile entropion was found by 
only where the skin of the lower lid was lax and redundant, while Duke- an 
Elder (1952) has suggested that entropion occurs where the lid structures are upVv 
atrophic while the orbicularis muscle retains its normal tone. He postulates was 
that, where the tone of this muscle is lost in addition, ectropion results. thr< 
Fox (1959) thought that, when the tissues of the lid were lax, the tarsal plate tion 
was free to rotate around the palpebral ligaments, and Jones (1960), in an tigh 
extensive investigation into the anatomy of the lower lid, has suggested that ligay 
the primary defect is an atrophy of the structures attached to the lower M 
border of the tarsal plate, combined with a riding up of the preseptal part of e1 
of the orbicularis muscle during eye closure. and 
Operations which have been used in the treatment of entropion fall into plate 
the following categories: of tl 
(1) Excision of Skin and Orbicularis Muscle—Under this heading is brou 
included the classical “skin and muscle” operation (Hotz, 1880) and the laxit 
procedures described by Duverger (Arruga, 1956), Panas (1899), Blaskovics : " 
— relati 








* Received for publication December 2, 1960. 
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(1922), and others. As has been pointed out by Stallard (1948), the “skin 
and muscle” operation is unsatisfactory and recurrences are liable to 
follow. Not infrequently the operation merely distorts and pulls down the 
lower lid without relieving the trichiasis. 


(2) Production of Fibrosis of the Lower Lid.—The various methods used 
to produce subcutaneous fibrosis of the lid for the correction of entropion 
have included buried sutures (Gaillard, 1844; Arlt, 1858; Snellen, 1863), the 
injection of alcohol (Elschnig, 1922; Hughes, 1931), the use of cautery 
(Ziegler, 1909), and Michele clips (MacDonald, 1945). None of these 
procedures would seem to affect the underlying laxity of the lid structures, 
although each may be followed by cure of the condition on occasions. 


(3) Strengthening of the Lower Portion of the Orbicularis Muscle.— 
Operations aimed at correcting a postulated increase in tone of the pre-tarsal 
portion of the orbicularis relative to the rest of that muscle, have been 
described by Wheeler (1939) and Meek (1940). Wheeler’s operation is 
favoured by many surgeons and is followed by a high rate of cure. 


(4) Tightening of the Deep Fascia attached to the Inferior Border of the 
Tarsus—An operation of this type based on his own research into the 
anatomy of the lid has recently been described by Jones (1960). 


(5) Excision of Part of the Tarsal Plate——While partial excision of the 
tarsal plate had been used as a standard procedure in the treatment of 
entropion of the upper lid for many years (Streatfeild, 1858; Ewing, 1900; 


Weeks, 1900; Kuhnt (Meek, 1940); Smith and Siniscal, 1943; Amat, 1947), 
it was not used in the treatment of senile entropion of the lower lid until 
the excision of a triangular piece of tarsus and conjunctiva was proposed 
by Butler (1948) for the treatment of this condition. Fox (1951) described 
a more elaborate procedure in which the lid was split and a wedge (apex 
upwards) of tarsus was excised from the centre of the tarsal plate. This 
was combined with the tightening of the skin and muscle of the lower lid 
through a skin incision below the lateral canthus. Two subsequent modifica- 
tions of this operation have been published Fox (1952, 1959). Kirby (1953) 
tightened the tarsal plate and orbital septum by dividing the lateral palpebral 
ligament and reattaching it over the outer orbital margin. 

Most authors are now agreed that senile entropion is due to a combination 
of enophthalmos secondary to absorption of orbital fat, and loss of elasticity 
and subsequent stretching of the lid, especially of the skin and of the tarsal 
plate and its fascial connexions. It would seem reasonable that treatment 
of the condition should aim at shortening the tarsal plate, so that the lid is 
brought into closer apposition with the globe, and that at the same time the 
laxity of the skin and muscle of the lid should be dealt with. Wedge excisions 
of the tarsal plate presuppose a lengthening of the lower border of the tarsus 
telative to the upper and it is doubtful if this does, in fact, occur. Such 
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excision may result in the angulation of the tarsal plate and produce a pe.ik 
in the lid margin which is cosmetically unsatisfactory. Tarsectomy in ‘.1e 
centre of the lower lid may leave an irregular scar and lead to corneal irri.a- 
tion, while splitting of the lid may cause subsequent trichiasis due to distortion 
of lash follicles. 

The operation to be described aims at increasing the tension in the tarsal 
plate by the excision of a rectangular area of the tarsus, maintaining the 
original line of the tarsal plate. The excised area is situated towards the 
outer canthus so that neither sutures nor an irregular scar will produce 
corneal irritation, and the tarsectomy is accompanied by the excision of 
redundant skin from the lower lid and a repositioning of the remaining skin 
of the lid. 


Method.—The lower lid and the area around and below the lateral canthus are 
infiltrated with lignocaine 2 

per cent. with 1:80,000 

adrenaline. An incision is 

made through the skin of the 

lower lid parallel with the 

lid margin and about 2 mm. 

below it from about the junc- 

tion of the inner and middle 

thirds of the lid and extend- 

ing laterally as shown in the 

diagram (Fig. 1) in a curve, 

convex upwards, for about 

WL one cm. beyond the lateral 
( HY] Drm canthus. A second incision 
~~ ~< : below the first is made as 
Peg) P indicated in the diagram and 
ea the area of skin bounded by 

the two incisions is excised. 

The skin of the lid and the 

orbicularis below the second 

incision is mobilized and 

turned downwards and a 

vertical incision is made with 

scissors through the lid 

margin, conjunctiva, and 

: ae tarsal plate at the junction of 

SESS the middle and outer thirds 

ok one of the lid. A second incision 


parallel to the first is then 


Fic. 1.—St in the operation for entropion. (A) The made nearer the outer can- 
1G. 1.—Stages i , os 

skin incisions are shown and the shaded area between them thus and the excision of the 
indicates the skin to be excised. (B) The size and position portion of tarsal plate thus 
of the excised rectangle of tarsal plate is indicated. delineated is completed by 
(C) Appearance after skin closure. 
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joining the two incisions along the lower border of the tarsus. The cut ends of 
the tarsal plate are sutured together with two buried sutures of chromic gut, while 
the skin edges are closed by black silk sutures which are removed after 6 days. 
As long-standing entropion leads to chronic conjunctivitis, the patients are given 
Achromycin 250 mg. to take 6-hourly for 3 days to combat post-operative infection. 

In spite of the fact that part of the lower lid margin has been sacrificed, in none 
of the patients treated has there been any noticeable narrowing of the palpebral 
aperture. The pre-operative and post-operative appearance of a typical case is 
illustrated in Fig. 2. While it is too much to hope that this procedure should 
never be followed by a recurrence of entropion, there has been no tendency for this 
to occur in any of the 32 cases so far treated. 


Fic. 2.—A typical case of entropion. (A) Pre-operative 
entropion of right lower lid. (B) Post-operative appearance 
showing final position of lid. 


Summary 


An operation which is thought to have advantages over other procedures 
used in the treatment of senile entropion is described. 

It consists of the resection of a rectangle of tarsal plate near the outer 
canthus together with a partial excision and repositioning of the skin of the 
lower lid. 

The operation has been successful in all of the cases in which it has so far 
been used. 


I wish to thank Mr. F. N. Vince of the Photographic Department of Addenbrooke’s Hospital 
for preparing the photographs and Mr. T. Tarrant of the Medical Illustration Department of the 
Institute of Ophthalmology, London, for the line drawings. 
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RETINAL PATHOLOGY AFTER CENTRAL RETINAL 
VEIN OCCLUSION* 


BY 


J. REIMER WOLTERT 
Ann Arbor, Mich., U.S.A. 


OccLusION of the central retinal vein causes incomplete haemorrhagic 
infarction of the inner layers of the retina. Haemorrhagic infarction 
describes a situation in which the venous backflow of an area of tissue is 
interrupted. As a result the flow of blood has to stop; ischaemia and 
resulting increase of vascular permeability lead to retinal oedema and 
extensive haemorrhages. The central retinal artery remains open and goes 
on pushing more blood into the retina. In the inner retina the ischaemia 
soon results in degeneration of the neurons of the inner retinal layers. 
The glia and the mesodermal retinal structures, however, survive and form a 
scar. This incompleteness of the haemorrhagic infarction of the inner 
retina in central vein occlusion has its explanation in the double blood supply 
of the retina. The inner retinal layers are normally supplied by the retinal 
blood system, while the chorio-capillaris supplies the outer retinal layers. 
After central vein occlusion the supply from the chorio-capillaris is obviously 
sufficient for a survival of the glia and the mesodermal structures of the inner 
retina until the retinal circulation is re-established by venous collaterals and 
recanalization of the thrombus. The high metabolic needs of the neurons 
of the inner retina, however, cannot be supplied from the chorio-capillaris 
and these cells suffer irreversible damage which causes blindness. Secondary 
(haemorrhagic) glaucoma is a very common complication of central vein 
occlusion, and occurs about 2 to 5 months after the occlusion. 

The above description of the retinal changes which follow venous occlusion 
may be sufficient to explain this pathological process to a student. The 
ophthalmologist, however, should add all the available details which can be 
gained by every possible approach of research. It is the purpose of this 
study to demonstrate the early and late pathology of the second neuron of 
the visual pathway which is the direct cause of the blindness which finally 
results from central vein occlusion. Along with the pathology of the retinal 
part of the second neuron—the ganglion cells and the nerve fibres—the 
neuroglia and the retinal blood vessels will be considered. 

Two typical cases of occlusion of the central retinal vein—one early and 
one late—are used as examples for this demonstration. Half of each involved 








* aceite for publication N ber 4, 1960. 
t From the Department of Ophthalmic Surgery of the University of Michigan Med. Center. Supported by Grant 
No. B-2873 of the U.S. Department of Health, Education, and Welfare. 
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eye was studied with the conventional histological techniques. The retina 
of the other half of each eye was isolated, sectioned flat on the freezing 
microtome, and stained with the silver carbonate technique of del itio 
Hortega (Scharenberg and Zeman, 1952). All the illustrations to this paper 
are unretouched photomicrographs. 


Cases and Histological Observations 


Case 1, a 73-year-old white male, was seen in April, 1954, by Dr. R. C. Pochert of Owvsso, 
Michigan. The patient gave a history of painless loss of vision in his right eye about 
2 months before. About one week before, however, he had started to have pain in this 
eye. At the time of the first examination he showed a red eye exhibiting a steamy cornea 
and a shallow anterior chamber. The eye was stony hard and there were numerous 
new-formed blood vessels on the iris surface. Extensive haemorrhages were seen on the 
retina. A short trial of conservative treatment of the glaucoma in the right eye was 
unsuccessful. Enucleation because of pain and blindness was done on April 28, 1954, 
about 2 months after the sudden Joss of vision, The diagnosis was absolute glaucoma 
secondary to thrombosis of the central retinal vein. 


Macroscopic Examination—This eye is of normal size. The anterior chamber is 
shallow, The lens is clear. The vitreous shows posterior liquefaction. Many haemor- 


rhages are seen all through the retina. 


Microscopic Examination.—There are bullous epithelial changes of the cornea. The 
chamber angle is narrow and in some areas occlusion of the chamber angle has occurred 
by fibrovascular tissue extending over it. A new Jayer of fibroblasts and thin-walled 
new-formed blood vessels is seen on the anterior iris surface. Diffuse lymphocytic 
infiltration is seen in the iris and ciliary body and the ciliary body is atrophic. The retina 
shows peripheral cystic degeneration. Extensive haemorrhages are seen through alf 
layers of the retina, especially in the posterior pole. The routine techniques show the 
retina otherwise to be about normal. There is only a slight decrease of the ganglion cells, 
and the nerve-fibre Jayer has about its normal thickness. The optic disc and optic nerve 
are about normal, but thrombosis and early recanalization are observed in the central 
retinal yein, The diagnosis is that of secondary (haemorrhagic) glaucoma following 


occlusion of the central retinal vein. 


Pathology.—This eye exhibiting relatively early retinal pathology following occlusion 
of the central vein was used as an example for the demonstration of the retinal changes in 
special stained flat sections. Extensive deep and flame-shaped haemorrhages are found 
with these techniques all through the retina. In the nerve-fibre layer and in Henle’s 
fibre layer the erythrocytes are arranged in a radiating pattern in the interspaces of the 
nerve fibres and of Henle’s fibres (Figs 1 and 2, opposite). The outer layers of the retina 
are rather well preserved and show no distinct pathology except for the extensions of 
some of the haemorrhages into these layers. Most of the pathology is found in the 
nerve-fibre layer and in the ganglion-cell layer. 

In some areas the nerve fibres running through the extensive haemorrhages still appear 
to be norma). Most areas show a definite decrease of the number of nerve fibres, which 
is most advanced in the areas of haemorrhage (Fig. 3, opposite). 

Many nerve fibres all through the nerve-fibre layer are seen in all phases of destruction. 
All through the nerve-fibre layer interruption of single nerve fibres is seen, and bizarre 
swellings of Cajal have developed on the remaining nerve-fibre stumps which are still 
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Ric. 1,—Low-power view of flat 


section through the retina close 
to the optic disc in Case 1. 


The dark-stained erythrocytes are 


seen to be arranged in the pattern 
of flame-shaped haemorrhage. 


Hortega method, photomicro- 
gaph. 133 


Fic. 2.—High-power view of the 


central area of Fig. 1. Accumu- 


lations of erythrocytes of the 
flame-shaped haemorrhages are 


seen between the nerve fibres. 
Hortega method, photomicro- 
graph. «x 500. 


Fic. 3.—High-power view of 
continuous nerve fibres within an 


area of retinal haemorrhage 
> in a retinal flat section of 


Hortega method, photomicro- 
graph. ~500. 





686 J. REIMER WOLTER 


connected to the neuronal cell bodies of the ganglion-cell layer (Fig. 4). The grat 
majority of these terminal swellings of Cajal—well known as components of the cotion 
wool spots of the retina—is found to point with their ends towards the optic disc. Thus, 
in the histological picture seen in Fig. 4, the optic disc would be on the left side while ihe 
corresponding ganglion cells of the nerve-fibre stumps would be on the right side of ihe 
picture. It is of great interest that in many sections some small interrupted nerve fibres 
are seen to point in exactly the opposite direction. These delicate interrupted nerve 
fibres point away from the optic disc (Fig. 5). 


Fic. 4.—High-power view of 
three nerve-fibre stumps with 


terminal swellings of Cajal at 
their distal ends (arrows) seen in 
retinal flat section through the 
nerve-fibre layer of Case 1. The 
optic disc would be on the left 


side of this picture. 
Hortega method, photomicro- 


graph. 500. 


Fic. 5.—Flat section through 
nerve-fibre layer of Case 1, show- 

ing three interrupted nerve fibres ~~ 
with Cajal terminal swellings 
(arrows) pointing away from the 
optic disc. Fe 
Hortega method, photomicro- 
graph. x 500. 


An understanding of the development and significance of the terminal swellings of 
Cajal at the distal end of interrupted nerve fibres is important for the explanation of these 
two different types of nerve-fibre stumps pointing in opposite directions. Whenever 
nerve fibres become interrupted by any type of pathology the part distal to the site of 
interruption will soon disappear since it is no longer connected to the cell body. The 
proximal part, however, will remain for some time; its distal end soon develops, as a 
reaction to the interruption and next to its site, a so-called terminal swelling of Cajal, 
also known as growth bulb. The stumps with this growth bulb remain for some time. 
In the retina they may be seen densely accumulated in the so-called cotton-wool spots 
(compare Wolter, 1959a). Finally, in the retina, retrograde degeneration will result in 
complete loss of the remainin; nerve-fibre stumps and corresponding ganglion cells. 

Our present case shows many nerve-fibre stumps with Cajal bodies pointing towards the 
optic disc. A few interrupted nerve fibres of smaller size with Cajal bodies are seen to 
point in the opposite direction—away from the disc. This fact indicates that the 
majority of the interrupted nerve fibres in this case are centripetal in character and run 
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to the lateral geniculate body of the brain. The smaller nerve stumps, however, which 
point away from the disc, must be the stumps of centrifugal nerve fibres which originate 
in the brain and end in the retina (compare Wolter, 1956a, b, 1960). Both types of 
nerve fibres are interrupted by the ischaemic process as a result of the haemorrhagic 
infarction following venous occlusion in the present case. The interruption of the centri- 
petal fibres means interruption of the second neuron of the visual pathway. The function 
of the interrupted centrifugal fibres remains as yet unknown. 

In this case of central vein occlusion, which was examined about 2 months after the 
vascular accident, most of the pathology is found in the nerve-fibre layer. The interrup- 
tion and destruction of these nerve fibres results, of course, in blindness; it will also result 
in retrograde degeneration of the ganglion cells of the ganglion-cell layer later in the 
course of the disease. The ganglion-cell layer of this first case shows different early 
phases of swelling and degeneration of the ganglion cells. This accompanies early 
hyperactivity and proliferation of the astroglia of this layer. Our knowledge of the 
normal structure and pathology of the human retinal ganglion cells is still extremely 
limited and no attempt is made in this study to describe and classify all the changes seen 
in the ganglion cells of this first case. Fig. 6 shows an area of a flat section through the 
ganglion-cell layer with several ganglion cells. Wide spaces between the ganglion cells 
are filled with glia. This indicates a loss of some of the ganglion cells, and this loss is 


found throughout the ganglion-cell layer. 


Fic. 6.—High-power view of flat section through §& 
ganglion-cell layer of Case 1. Large spaces are i 
seen between the ganglion cells and the astroglia ® 
is hyperplastic. 

Hortega method, photomicrograph. «x 500. 


In summarizing it can be stated that the pathology of the retina 2 months after 
venous occlusion as seen with silver stain in this case is found to be composed of exten- 
sive haemorrhages, interruption and degeneration of both the centrifugal and centripetal 
nerve fibres of the nerve-fibre layer, different stages of early degeneration of the ganglion 
cells of the ganglion-cell layer, and hyperactivity and early proliferation of the astroglia of 
both inner retinal layers. The outer retinal layers appear to be normal except for exten- 
sions of some of the haemorrhages. 


Case 2, a 76-year-old white male, was first examined by Dr. T. R. McWilliams of Ann 
Arbor, Michigan. This patient had primary open-angle glaucoma diagnosed in 1955 
Which was well controlled on Pilocarpine eye drops. In 1957 a painless loss of vision 
occurred in the patient’s left eye. This was explained by central vein occlusion which 
had developed in addition to the primary glaucoma. Early in 1959 the patient had 
severe pain and redness of the left eye, and the intra-ocular pressure was then found to 
be 60 mm. Hg. Enucleation was carried out on January 15, 1959. 
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Macroscopic Examination.—The eye ball measures 25 x 24x24 mm. The anter:or 
chamber is of about normal depths. The lens is in the normal position. Extensive 
posterior synechiae are found all around. The posterior vitreous is liquefied and ‘he 
anterior vitreous resembles a dense ring-shaped formation which is firmly attached to ‘he 
peripheral retina. There is deep glaucomatous cupping of the disc, and haemorrhz.zes 
of different sizes and shapes are seen in the retina. 


Microscopic Examination—The routine stains show large defects in the corneal 
epithelium. The remaining epithelium shows bullous keratopathy. The filtration angle 
is completely closed by continuous anterior peripheral synechiae. Proliferated fibro- 
vascular tissue containing many thin-walled blood vessels is found on the anterior surface 
of the iris and in the false angle. The central retina shows complete loss of the nerve- 
fibre and ganglion-cell layers. In some areas cystic degeneration of the retina is seen. 
The outer layers of the retina with the rods and cones appear rather well preserved. There 
are deep and superficial retinal haemorrhages and there are areas with new-formed thin- 
walled blood vessels within and on the inner surface of the retina. The optic disc shows 
deep glaucomatous cupping and there is advanced optic nerve atrophy. The central 
retinal vein and some of the larger venous branches are seen to be occluded and partially 
recanalized. The diagnosis is that of secondary (haemorrhagic) glaucoma with bullous 
keratopathy, angle closure, rubeosis iridis, and degeneration of the retina and optic nerve. 
It is possible to differentiate histologically the changes of long-standing primary glau- 
coma from those of secondary glaucoma following occlusion of the central retinal vein. 


Pathology.—The silver carbonate stains reveal important additional facts about the 
retinal pathology, the typical late changes seen in many cases of old venous occlusion 
with or without secondary glaucoma. The outer layers of the retina are almost normal. 
Fig. 7 gives the low-power view of a flat section through the foveola with the 
cross-sectioned cones in the centre and parts of the outer nuclear layer and Henle’s fibre 


layer around it. Fig. 8 shows a high-power view of the cross-section through the cones 
which appear virtually normal, though a few have degenerated and left cyst-like spaces. 


Fic. 7.—Low-power view of flat section Fic. 8.—High-power view of the central area 
through the foveola of Case 2. The cross- in Fig. 7, showing the cross-sectioned cones of 
sectioned cones are seen in the centre, and the foveola. Most of the cones appeat 
parts of the outer nuclear layer and Henle’s normal, but some have undergone cystic 
fibre layer are seen around it. degeneration. 

Hortega method, photomicrograph. x 133. Hortega method, photomicrograph. 500. 
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Fig. 9 shows a transitional section of the intermediate retina demonstrating the rods 
and cones in their normal arrangement and shape. The observation of the almost 
normal histology of the outer retina in this case of old absolute glaucoma is interesting. 
However, the rather well-preserved neurons 
of the outer retina in this case are of no 
use since the inner neurons are completely 
degenerated. 


Fic. 9.—Normal appearance of rods and cones 
of the intermediate retina of Case 2 as seen in 
the transitional section. 

Hortega method, photomicrograph. «x 500. 


Fig. 10 shows an area of a flat section through the inner retina. This area corresponding 
to the ganglion-cell layer shows a dense scar of proliferated astroglia and cross-sections of 


the inner processes of Miiller’s fibres, but no ganglion cells have survived. In other 
areas of the inner retina exten- 


sive cystic degeneration has 
occurred at the site of old 
haemorrhages. 


Fic. 10.—Flat section through 
inner retina of Case 2. The 
ganglion cells and nerve fibres 
are replaced by hypertrophic 
astroglia. 

Hortega method, photomicro- 
graph. x 500. 


Extensive vascular pathology is found within this scar-like inner part of the retina. 
Fig. 11 (overleaf) shows one of the occluded larger venous branches with an irregular wall 
and with mesodermal cells proliferating within the lumen. Scar-like glia—of the type 
seen in the nerve fibre layer (compare Wolter, 1959b)—is seen around the blood vessels. 
Extensive neovascularization is also seen all through the inner retina. 

Fig. 12 (overleaf) shows a new-formed, thin-walled blcod vessel of the inner retina of 
this case at high power. Its wall is composed of endothelial cells and it has very little 
adventitia and no muscle layer. It is surrounded by the processes of proliferated retinal 
astroglia of the scar-like inner retina. Large areas of accumulations of tortuous micro- 
aneurysms in all different stages of development and secondary degeneration are another 
interesting observation in the inner retina of this case. 

44 





12.—High-power view of 
thin-walled blood 


Fic. 
new-formed, 


vessel of the inner retina of Case 

2. This is seen to be composed 

of endothelial cells. A hyper- 

trophic astroglia has close rela- 

tions to the wall. .. 

Hortega method, photomicro- »% 
00. 


x9 


graph. 
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Fic. 11.—Occluded venous 
branch in Case 2. Hypertrophic 
lemmocytes are seen around the 
blood vessel. 
Hortega method, photomicro- 
graph. x 133. 


Fig. 13 shows a large con- 
glomeration of capillary micro- 
aneurysms in a flat section. 
Some of the micro-aneurysms 


& seen in this case are composed 


ae Sia Re 


of endothelium only. 


Fic. 13.—Area of tortuous new- 
formed blood vessels and micro- 
aneurysms in the inner retina of 
Case 2, seen in a transitional 
retinal section. 

Hortega method, photomicro- 
graph. x 133. 


Others, however, show extensive thickening of their walls by fibrosis and deposition of 
a hyaline-like substance (Fig. 14, opposite). 
The appearance of the micro-aneurysms in this case is somewhat different to those 
seen in diabetic retinopathy. Fig. 15 (opposite) shows a part of the vascular conglom- 


erations in this case with very advanced hyaline deposition at high power. 


The difference 
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Fic. 14.—High-power view of a 
complicated micro-aneurysm in 
the inner retina of Case 2. 
Proliferated endothelial cells are 
seen in its centre, and its wall 
shows hyaline thickening. 

Hortega method, photomicro- 


graph. 500. 


Fic. 15.—High-power view of 
another vascular new formation 
of the inner retina of Case 2. 
The walls of this complicated 
formation show fibrous thicken- 
ing and hyalinization. 

Hortega method, photomicro- 
graph. x 500. 


between these micro-aneurysms and those seen in diabetes is that the micro-aneurysms in 
this case are mostly dilations of tortuous capillaries as a whole. Local bulging of the 
capillary wall as commonly seen in diabetes is rather uncommon in cases of old venous 


occlusion. Another interesting 
finding in this late case of 
venous occlusion is a new layer 
of glia on the inside of the 
inner limiting membrane of the 
retina—mainly in the area of 
the posterior pole (compare 
Wolter, 1956b, 1959b). Fig. 16 
represents a flat section through 


Fic. 16.—Flat section through 
the new-formed layer of prolifer- 
ated glia on the inner surface of 
the retina seen in Case 2 at the 
Posterior pole. 

Hortega method, photomicro- 
graph. x 500. 
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this layer of proliferating astroglia with the glia cells and their long processes. It has been 
pointed out before that such a layer of proliferating glia on the inner retinal surface is 
seen in many diseased eyes as a nonspecific change. 

A beautiful demonstration of the blood vessels of the retina after venous occlusion is 
possible with the trypsin digestion technique of Kuwabara and Cogan (1960). Figs 17 
and 18 represent an area of the retinal blood vessels of an eye with absolute hacmo- 
trhagic glaucoma after venous occlusion in a 53-year-old female. Many fusiform 
micro-aneurysms are seen and there is a definite loss of retinal capillaries. 


Fic. 17.—Typical micro-aneurysms 
of old venous occlusion, seen in the 
retina of a 53-year-old female with 
absolute secondary haemorrhagic 
glaucoma. 

Trypsin digestion, silver impregna- 
tion, photomicrograph. 


Fic. 18.—High-power view of fusi- 
form micro-aneurysm of same retina 
as in Fig. 17. — e ; 

Trypsin digestion, silver impregna- 
tion, photomicrograph. 


Discussion 
This paper adds to the understanding of the retinal damage following 


central retinal vein occlusion. It is well known that the vision is not 
suddenly and completely lost after central vein occlusion. This is in contrast 
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to central artery occlusion, when sudden and total blindness results—unless 
there is some cilioretinal blood supply. In central vein occlusion most of 
the earlier damage is seen in the nerve-fibre layer; 2 months after the occlusion 
many fibres of this layer are already totally missing and others are interrupted. 
The damage of the nerve-fibre layer is not that of sudden necrosis, but of an 
irreversible slowly progressive nerve-fibre destruction that allows for reactive 
changes at the distal ends of the interrupted neurites. Such reactive changes 
are never seen in arterial occlusion, where sudden destruction of the nerve 
fibres and ganglion cells as a whole results in fragmentation and dissolution 
of the neurites without any reactive changes. The damage to the ganglion 
cells is not very severe 2 months after central vein occlusion; many ganglion 
cells are already missing and others are swollen and degenerated, but there 
are still many ganglion cells of normal appearance exhibiting cellular nuclei. 
The fact that many reactive terminal swellings of Cajal are seen in the 
nerve-fibre layer with their distal ends pointing towards the optic disc is 
further evidence that these cells are still active and able to react. It is not 
yet possible to state whether all the degenerative changes of the ganglion 
cells are due to ischaemia, or whether a part of the damage is retrograde 
degeneration following interruption of the corresponding nerve fibres. The 
fact that most of the swellings of Cajal point towards the disc while some 
point away from it offers further evidence for the existence of centrifugal 
(antidrome) nerve fibres in the human retina. (Compare Wolter, 1956.) 


In a late stage of central vein occlusion the second visual neuron is totally 
lost, though the glia of the inner retina survives and forms a dense scar. 
The outer retinal layers are about normal even in old absolute glaucoma 
following central vein occlusion. This interesting fact is of no importance 
to the clinician, since the survival of the first visual neuron is of no practical 
use when its connecting second and third neurons are destroyed. 


The finding after venous occlusion of relatively large patches of densely 
accumulated capillary aneurysms with interconnecting vascular channels 
within areas of intraretinal neovascularization and also of isolated micro- 
aneurysms is very interesting. Capillary micro-aneurysms and similar 
formations frequently occur after venous occlusions (Becker and Post, 
1951). The shape and arrangement of the micro-aneurysms differs somewhat 
from those seen in diabetic retinopathy, but secondary thickening of the 
capillary wall by fibrosis and deposition of a hyaline-like substance occurs 
in these formations just as it does in those due to diabetes. The close 
relation to neovascularization of the following venous occlusion supports 
the view of Ashton (1951) and Michaelson (1954), that micro-aneurysms 
represent abortive attempts at neovascularization. The appearance of a new 
layer of proliferating glia on the retina of the posterior pole in old cases of 
occlusion of the central retinal vein is common and non-specific. 
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Summary 
Two cases of relatively early and late central retinal vein occlusion are 


used as examples in a discussion of the retinal pathology following venous 


occlusion. In the early stages most of the neuronal damage is seen in the 
nervye-fibre layer, and the ganglion-cell layer is also involved. In the late 


stages the whole third visual neuron-is missing. The outer retina shows (ittle 
pathological change even in old cases with absolute haemorrhagic glaucoma. 


Isolated patch-like micro-aneurysms are found as late changes and seem 
closely related to the process of neovascularization. 
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EFFECT OF SUSTAINED-RELEASE DIAMOX ON THE 
INTRA-OCULAR PRESSURE IN MAN* 


BY 


S. M. DRANCE anv F. CARR 
From the Glaucoma Clinic, University Hospital, University of Saskatchewan, Canadat 


Dramox and the other carbonic anhydrase inhibitors now form a standard 
adjunct to the treatment of glaucoma throughout the world, and the litera- 
ture dealing with these substances is very extensive. In spite of the numerous 
drugs available, search is continuing for the least toxic and also for one 
requiring less frequent administration. 

The present study was carried out to evaluate the action of sustained- 
release Diamox Sequel] (Lederle {), produced in a 500-mg. capsule containing 
125 mg. ordinary acetazolamide and 375 mg. sustained-release acetazola- 
mide, and to compare it with a single dose of ordinary acetazolamide which 


starts to reduce intra-ocular pressure after 30 to 90 minutes and reaches its 


maximum in [ to 5 hours, the duration of action being somewhere between 
8 and 12 hours (Leydhecker, 1960). 


NORMAL EYES 


(A) Inyestigation.—The action of a single dose of 500 mg. Diamox 
Sequel was studied in ten eyes of six patients. This group consisted of 
patients who were admitted to the eye department and in whom glaucoma 


was excluded by diurnal ocular tension curves, tonographic studies, visual 


fields, and a normal appearance of the optic nervehead. Diurnal ocular 
tension curves were carried out for 48 hours, the intra-ocular pressure being 


taken first at 6 a.m. (on waking) and then at 3-hrly intervals during the day 
until 10 p.m. The patient was then given a test dose of 500 mg. Diamox 


Sequel and the ocular tension curve was continued for the next 24 hours. 
The changes in intra-ocular pressure were compared with the pressure before 


the administration of Diamox at the same time of day. 


®) Results.—In all the ten normal eyes tested a fall in intra-ocular pressure 





* Received for publication November 7, 1960. 
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took place after the administration of the Diamox Sequel. Fig. 1 shows the 
mean fall in intra-ocular pressure of the norma) eyes at different time intervals 


after the administration of the drug. It can be seen that the fall began during 
the first 3 hours, was maximal after 8 hours, and was still well maintained 
after 24 hours. 


*) 


a 


FALLIN INTRA-OCULAR PRESSURE [mm. Hg] 
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Fic. 1.—Average fall in intra-ocular pressure in ten normal eyes at different time intervals after 
administration of 500 mg. sustained-release acetazolamide. 





GLAUCOMATOUS EYES 


(A) Investigation.—The intra-ocular pressure in thirteen eyes in seven 
patients suffering from chronic simple or secondary glaucoma was checked 
for phasic diurnal variations for 48 hours before the administration of the 
Diamox Sequel. Some of these patients were receiving no therapy, and 
others were inadequately controlled with Pilocarpine or more powerful 
cholinesterase inhibitors. After the administration of the Diamox Sequel 
the ocular tension curve was continued for a further 24 hours and the fall in 
pressure was compared with the levels recorded before the administration of 
the drug at the same time of day. 

38 eyes with chronic simple glaucoma, most of whom were not controlled 
by miotics, were placed on 560 mg. of Diamox Sequel morning and evening. 
The maximal fall in intra-ocular pressure before and after Diamox therapy 
was recorded at the same time of day. 


(B) Results.—Out of the thirteen eyes of patients in whom only a single 
Diamox Sequel was administered, eleven showed a fall in intra-ocular pres- 
sure and two (both eyes of one patient) showed no fall. The mean fall in 
intra-ocular pressure of these thirteen eyes is shown in Fig. 2 (opposite), at 
different time intervals after the administration of the drug. The action of 
Diamox Sequel started within the first 3 hours, was maximal after 13 hours, 
and was still maintained after 24 hours. 
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Fic. 2.—Average fall in intra-ocular pressure in thirteen eyes with chronic simple glaucoma, at 


different time intervals after administration of 500 mg. sustained-release acetazolamide. 


The results on 38 glaucomatous eyes of the administration of Diamox 
Sequel twice daily for a few days is shown in Fig. 3. All these eyes showed 
a fall in intra-ocular pressure ranging from 12 to 62 per cent. of the initial 
level. Many of these eyes had a normal intra-ocular pressure before the 
administration of Diamox Sequel and these were the fellow eyes of patients 
in whom one eye was uncontrolled by miotics while the other eye was 
adequately controlled by miotics. The Diamox Sequel was administered 
to lower the intra-ocular pressure of the non-controlled eye. The mean fall 
in intra-ocular pressure of the 38 eyes after the administration of Diamox 


for a few days was 36 per cent. 
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Fic. 3.—Effect on intra-ocular pressure in each of 38 eyes with chroni: simple glaucoma of 
500 mg. sustained-release acetazolamide twice daily. Pressure changes shown in mm. Hg, 


and expressed as a percentage fall in the initial intra-ocular pressure. 
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(C) Side-Effects.—The side-effects of Diamox Sequel in a dosage of 
500 mg. twice daily were minimal, and amounted to a paraesthesia oily. 
There was some diuresis but this was inconstant. Only one patient com- 
plained of gastro-intestinal upset. These side-effects were noted after a 
very short period therapy, namely a single dose, or therapy for 2 or 3 days. 
The present study was not intended to report on the side-effects and metabolic 
effects of Diamox Sequel in long-term therapy, but this will form part of a 
subsequent communication. 


Conclusions 


(1) A single 500-mg. dose of sustained-release Diamox Sequel lowers the 
intra-ocular pressure in normal and glaucomatous eyes. 


(2) The maximal effect of a single dose was seen after 8 to 13 hours, but 
the effect was still quite pronounced after 24 hours. Ordinary Diamox 
has its maximal action after 5 hours and ceases to act after 8 to 12 hours. 


(3) Sustained release Diamox Sequel given twice daily to patients with 
chronic simple glaucoma produces a fall in intra-ocular pressure of from 12 
to 62 per cent. of the initial level (mean 36 per cent.). 


(4) With the dose employed in such a short-term study the side-effects 
were minimal. 
REFERENCE 
LEYDHECKER, W. (1960). ‘“‘Glaukom”’, p. 434. Springer, Berlin. 
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BOOK REVIEWS 


Tables for Testing Colour Sense. (Tafeln zur Priifung des Farbensinnes.) By 
K. VELHAGEN. 22nd edition, 1961. Pp. 15, 27 figs. Thieme, Leipzig. 
(D.M. 31.60). 

This system of pseudo-isochromatic plates has now been edited for the 22nd time. 
There is no indication in the explanatory text when the first edition appeared, and the 
lack of references to these plates in the incident literature suggests that the reviewer is 
not the only ignoramus in this field. Basically the plates are designed on the same 
principle as the familiar Ishihara tables, but differ from them in making no allowance 
for illiteracy, and in containing tests for simultaneous contrast, and also others for rod- 
monochromatism and tritanopia. The tests for contrast are of special use in detecting 
malingerers, which Homeric objective seems to exercise the author to a large degree. 
There is no plate with which to detect cone-monochromatism, although one could easily 
be designed. 

These tables will diagnose a particular type of colour defect with more difficulty than 
the Ishihara tables but they may help to decide more readily whether a defect is present. 
Not more than five out of 25 tables will be read differently by colour-defective and by 
normal patients, although the former may, of course, fail altogether with some of the 
remaining twenty. Surgeons with no command of German who may feel impelled to 
spend some £3 on the tables, will have to spend more money or effort or both in securing 
a translation of the key and instructions. 


Glaucoma. Edited by F. W. NEwELL. 1961. Pp. 329, 82 figs. Josiah Macy, Jr., 
Foundation, Chicago. ($9). 

The report of the Fifth Conference sponsored by the Josiah Macy Foundation and held 
in March, 1960, under the Chairmanship of Peter C. Kronfeld is now published, edited 
by Frank W. Newell of Chicago. Like its predecessors the conference was valuable and 
the report makes interesting reading. Most of the subject matter dealt with the basic 
sciences and was physico-chemical in nature rather than clinical. A discussion on the 
dynamics of the aqueous humour (V. Everett Kinsey) was followed by a consideration 
of the transport across the blood—aqueous barrier of anions (Bernard Becker) and of 
carbohydrates with particular attention to diabetes (D. V. N. Reddy). There followed a 
consideration of the role of acetylcholine in nervous activity (D. Nachmansohn) with its 
bearing on the cholinergic miotics which play so fundamental a part in the treatment of 
this disease, and a discussion on the anticholinesterases (Irving H. Leopold). A more 
Clinical interest was provided by a paper on the pathogenesis of defects in the visual 
fields in glaucoma with particular reference to individual variations in the sensitivity 
of the retinal function to pressure, ably presented by David Harrington. A final paper 
on the systemic effects of prolonged treatment by Diamox and its related compounds 
with the associated and widespread metabolic acidosis to which they give rise completes 
the symposium. The volume provides interesting reading for those who wish to under- 
stand the scientific basis of this complex subject, not least because of the value of the 
informal discussions which characterize conferences of this type. 


Keratoplasty (Keratoplastik). By B. ALBERTH. 1961. Pp. 186, 191 figs, 13 tables. 
Enke, Stuttgart. (D.M. 30). 
This is a short, interesting, and well-illustrated monograph on keratoplasty. The 
history of the operation, its techniques, and the after-care of the patient are successively 
699 
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dealt with, whereafter the three main purposes of corneal grafting are discusse:i in 
detail—optical, therapeutic, and cosmetic. The number of diseases wherein therapcutic 
grafting is now advocated is impressive—herpes, rosacea, tuberculosis, syphilis, trachoma, 
rodent ulcer, recurrent erosion, chemical keratitis, Fuchs’s epithelial dystrophy, kerato- 
mycosis, keratocele, as well as more acute conditions such as ulcus serpens, ring abscess, 
and corneal fistula. The last chapter deals with the fate of the graft and its ultimate 
relations to the host, and with the processes of innervation and vascularization or 
opacification subsequent to operation. The monograph is interestingly written and has a 


useful bibliography. 


Heredity in Ophthalmology. By J. Francois. 1961. Pp. 731, 629 figs (incl. 6 col.). 
Mosby, St Louis; Kimpton, London. (£8 12s. 6d.). 

L’Heérédité en ophtalmologie, an excellent book on genetics and the hereditary condi- 
tions which affect the eye and its adnexa, was reviewed in this Journal a little time ago 
(Brit. J. Ophthal., 1959, 43, 382). To repeat the review would be superfluous, but it is 
indeed good that an English translation has now appeared so that it is freely available to 
English readers, with its wide scholarship and its immensely usefui survey of a very wide 
literature. The book is excellently printed and produced and should be considered 
essential to every ophthalmological library. 


Optics of the Human Eye. (Optik des menschlichen Auges.) By R. SIEBECK. 1960. 
Pp. 269, 157 figs. Springer, Berlin. (D.M. 46.80). 

This is an exceptionally good text-book on ophthalmic optics written by one who has 
taken a life-long interest in the subject. The book contains all the theory and practice 
that is necessary for the understanding of optics in so far as ophthalmology is concerned, 
but in addition is characterized by the depth of its outlook in the interpretation of such 
matters as perspective and entoptic phenomena and collateral subjects. There is 
much information on the optical principles of ophthalmic instruments, ranging from the 
ophthalmic loupe to the gonioscope and the slit lamp; spectacle optics are fully dealt 
with, and the treatment of methods of refraction by skiascopy and the refractometer 
are fully discussed. The final chapter deals with the pathology of refractive anomalies. 
To those who read German the book is of more than usual interest. 


Books reviewed in Ophthalmic Literature 


The following book has been received and a review will appear in Ophthalmic Literature, 
15, No. 2, 1961. 


Post-operative Cataract Spectacle Lenses. By R.C. WELSH. 1961. Miami Educational Press, 
Florida. ($15). 


NOTES | 


StuDY TOUR OF WESTERN GERMANY 
May, 1961 


Sixteen British ophthalmic surgeons, seven accompanied by their wives, flew to Munich 
on May 14. The next day we were officially welcomed by Prof. Rohrschneider, who reada 
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paper on “the clinical significance of arcus senilis in man”. Several more papers were 
read, including contributions from Mr. F. A. Williamson-Noble on “the significance of 
physiological cupping in pre-glaucomatous eyes”, Prof. Merte on “results of clinical 
and scientific work on tonography’’, and Dr. Meissner on “the treatment of amblyopia 
using the film visuscope”’. 


On the second day we watched operations by Profs. Rohrschneider and Rempky 
(cataract, cyclodialysis, cyclodiathermy of the long ciliary arteries, lamellar scleral resec- 
tion, light-coagulation) and later a film illustrating Prof. Rohrschneider’s modified 
trephine iridencleisis operation and the reconstruction of an injured lower canaliculus 
with the aid of Kellnar’s probe. 


On May 17 we visited the Zeiss Works at Oberkochen, and at Tiibingen, on May 18, 
we watched Prof. Harms perform operations (cataract, trephine, needling, etc.), using 
the Zeiss dissecting microscope, the development and construction of which he explained. 
Dr. Aulhorn gave a lecture demonstration on static perimetry. Prof. C. Ciippers came 
over specially from Giessen to read a paper on “amblyopia and pleoptics”, which was 
followed by a lively discussion. New diagnostic and therapeutic pleoptic equipment 
was demonstrated. 


On May 19, in Stuttgart, half our party watched Dr. Fuchs, at the Katharinenhospital, 
performing cataract operations and using his two-way syringe for washing-out the anterior 
chamber, while the rest watched Dr. Gscheidel operate. Whit-Sunday was spent sight- 
seeing in Heidelberg, and on Whit Monday we journeyed down the Rhine by boat and 
saw many famous castles. The next two days were spent at Prof. Custodis’s Clinic in 
Diisseldorf; one half of our party listened to lectures while the other half watched opera- 
tions and were shown over the clinic. Prof. Custodis gave a lecture on his treatment (film 
shown) of retinal detachment with a Polyviol implant. Prof. Linnen enlarged on Prof. 
Custodis’s method and demonstrated his special needle-holder for suturing in confined 
spaces. Dr. Gortz read a paper on the biochemistry of sub-retinal fluid. The opera- 
tions shown included cataract, light-coagulation, and retinal detachment using Prof. 
Custodis’s Polyviol implant. 


May 25 was spent with Prof. Miiller in Bonn, where he demonstrated operations for 
cataract, glaucoma, and detachment. Prof. Weigelin lectured on dynamometry, Dr. 
Lund showed his work on tissue cultures of tumours, Prof. Leydhecker stressed the im- 
portance of tonometry in all patients over 40 years of age and in the early diagnosis of 
glaucoma. In the x-ray department we saw apparatus for tonography and foreign body 


localization. 


May 26 and 27 were spent in Frankfurt, where Prof. Horst Miiller demonstrated 
several cataract operations, a trephine, and a squint, followed by a discussion on ophthal- 
mic problems and medical conditions in Germany and England. We watched Prof. 
Thiel and Dr. Otto (his Oberarzt) operate (trephine, cyclodialysis, cataract, needling, 
blepharoplasty, detachment), and lectures were given on applanation tonometry, elec- 
tronic tonometry, and tonography by Dr. van Beuningen, on the treatment of amblyopia 
by Prof. Graff, on the comparative anatomy of the anterior chamber angle in man and 
animals (glaucoma in fishes) by Dr. Lieb, and on retinal detachment and the treatment of 
extra- and intra-ocular tumours by Prof. Thiel and Dr. Otto. 


The whole trip was enriched by the wonderful hospitality extended to us by the various 
professors (and their wives) whom we visited, and by the excursions which they had 
planned for us. 

JOHN MAGNUS 
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SociETE FRANCAISE D’OPHTALMOLOGIE 


68th Congress, Paris, May 7-11, 1961 
REPORTED BY 
N. L. STOKOE 
Edinburgh 


Paris in the spring formed a delightful setting to the Annual Congress of the French 
Ophthalmological Society, held this year in the imposing, lofty-ceilinged hall of the 
Maison de la Chimie at Rue Saint-Dominique on the left bank of the Seine. 

Some 65 papers were read (and discussed) with a clockwork precision which did credit 
to the organizers. It is invidious but through exigency of space inevitable, to discriminate 
among the excellent fare provided, and specific attention is drawn below only to those con- 
tributions which would appear to be of wide clinical interest. All the papers read are pub- 
lished in the Bull. Mém. Soc. franc. Ophtal., and abstracts appear in Ophthal. Lit. (Lond.). 


SUNDAY, May 7 

J. SEDAN (Marseilles), under the title “Evolution of Chalcosis of the Lens”, described a sun- 
flower cataract which slowly and spontaneously regressed. Concentric iridescent circles were 
observed in the lens some years later. 

E. B. StreirF and C.-A. Stuccui (Lausanne), in their paper “‘ Angiodiathermy and Temporary 
Tenotomy for Glaucoma ”’, detailed their experiences with this operation. The procedure is a 
modified cyclodiathermy in which the long posterior ciliary arteries are coagulated trans-sclerally, 
after temporary resection of a horizontal rectus, and the anterior ciliaries diathermized at the 
muscle insertion. 

L. J. Grrarp and A. McPHERSON (Jexas) gave a communication on their technique of full-thick- 
ness scleral buckling by an encircling silicone tube for retinal detachment, using light coagulation 
to seal retinal breaks. A beautifully-produced colour film was projected later in the Congress 
programme to illustrate the paper. 

G. LazoriHes, H. DaRAUx, and G. GAUBERT (Toulouse), in their “‘Study of the Arterial Vas- 
cularization of the Visual Pathway—Optic Nerves, Chiasma, and Tracts”, used an angiographic 
technique. 

H. Gernet (Hamburg) spoke on‘The Limits of the Nasal Visual Field and Nasal Dynamic 
Visual Field in Normal Men of 20-40”. He finds the limits of the nasal field in the primary posi- 
tion to be wider than those on this side of the dynamic field, because of displacement of the pupil 
towards the naso-orbital wall. A clinical test to show nasal restriction of field is based on this. 


Monpbay, May 8 . 

The morning of the second day.was devoted in part to papers on the vitreous body and aqueous 
humour. 

A. Urrets-Zavacia (Cordoba) described his technique of “Pre-operative Vitreous Dehydration” 
to lessen the risk of vitreous loss in cataract surgery and perforating keratoplasty in aphakics. 
He uses Diamox and intravenous injection of 30 per cent. urea solution. 

R. HuGONNIER (Lyons), discussing the paper, said that he had not tried urea in these circum- 
stances, but had heard that the neurosurgeons found it to carry risks of grave shock. Would it 
be helpful in goniotomy to clear the cornea when this was hazy? The author, in reply, stated 
that it is helpful as the iris falls back and the angle widens. 

L. PAUFIQUE and J. CHARLEUX (Lyons) elaborated the “‘Use of Lyophilized Vitreous in Severe 
Retinal Detachments” in an interesting paper. Cadaver vitreous is obtained by a careful sur 
gical technique with full aseptic precautions. The cornea of the donor eye is excised, the iris 
carefully avulsed, the lens extracted with Arruga forceps, and the eye inverted over a small filter 
funnel to direct the outflow of vitreous into an ampoule. The last part of the emerging vitreous 
should be cut to prevent retinal tissue from following. After culture, the vitreous is rapidly 
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frozen by immersing the ampoule in a bath of alcohol at -— 45° C., converted in vacuo to powder 
form at a higher temperature and finally stored for 3 months or so at +4° C. 

The vitreous is reconstituted when required by adding 2-3 ml. sterile distilled water to the 
powder, the admixture being hastened if need be by an electronic shaker. The injection into the 
recipient eye is made through an area of diathermy near a muscle insertion. Antibiotics are 
given. The authors gave some encouraging statistical results of vitreous implant in severe cases 
of retinal detachment. 

E. MoreEAu, to whom acknowledgement was paid as the originator of the freeze-drying tech- 
nique, stated in the discussion that the best results of vitreous implant are obtained after trauma 
and haemorrhage. 

P. FrANGols, M. LEKIEFFRE, and Dr. BLERVACQUE (Lille), in their paper entitled ‘‘ Therapeutic 
Trials in Chronic Hyalitis”, discussed the favourable action of streptomycin in posterior uveitis. 

The rest of the morning was occupied by open communications. 

José I. BARRAQUER (Bogeta), in his paper on ‘‘ Two-filament Virgin Silk in Cataract Operations 
and Keratoplasty”’, advised ite use of this new modification of the seven filament material used 
successfully since 1949. The inew thread has even better tolerance. 

I. STANKOVvIC and S. BuA (Belgrade), under the title “‘ Bilateral Acute Keratoconus”, described 
a patient who had been under observation for ten years before showing the acute manifestation 
of the disease. An acute attack was followed by a flattening of the corneal curvature and 
stabilization of the disease process, with visual improvement. 

P. M. AMALRIC, P. Bessou, and F. Lescure (A/bi), in their paper ‘“‘ New Cases of Regression of 
Diabetic Exudative Retinopathy”, confirmed their previous findings that diabetic exudates regress 
after trans-scleral diathermy, and substantiated this with fundus photographs. The authors feel 
that diathermy modifies the choroido-retinal metabolism. 

K. MEYER-SCHWICKERATH (Bonn), in the discussion, thought the results were encouraging. 

The afternoon was occupied by a symposium of twelve papers on Veterinary Ophthalmology, 
in which the Veterinary School of Maisons-Alfort took part. One could not but be overawed 
at the diversity of topics—from viral cataract in fowls to onchocerciasis in horses and corneal 
moulting in grass snakes. 


Dr. DARRASPEN, F. LescurE, P. M. AMALRIC, and P. Bessou described the special features 
attending cataract extraction in dogs, which they regarded as a difficult operation. The canine 
lens is completely adherent to the vitreous and cannot be separated by a-chymotrypsin, and their 
operation of choice is, therefore, an extracapsular extraction. An excellent film, projected the 
following afternoon, illustrated the paper. 


TugspAy, May 9 


At 9 a.m. a packed conference hall heard the annual “Rapport” delivered by R. ET1ENNE and 
A. G. OuRGAUD on the “‘ Functional Investigation of a Glaucoma Patient”’. 

Their exhaustive work could be given only as a résumé at the Congress, as the original covers 
some fifteen chapters and will be published later in the Society’s Transactions. This will repay 
reading by those of us who are interested—and which of us is not ?—in the subject. 

Nine papers on glaucoma and a discussion followed the “‘Rapport”’. 


The afternoon was occupied by a film presentation. In one of these films B. STRAMPELLI gave 
an excellent illustration of his new technique for anterior chamber implant. He has encountered 
endothelial dystrophy and bullous keratitis 8 years after the original type implant. His new lens, 
which much resembles Dannheim’s, is suspended in the anterior chamber by “tenting guy” 
sutures of Supramid which are fixed trans-sclerally above and below the cornea beneath the con- 
junctiva. The technique requires the anterior chamber to be kept filled with sterile air under low 
pressure throughout the entire operation. 


WEDNESDAY, May 10 

The morning session was devoted to papers on the lacrimal apparatus. 

During the afternoon a large party set out by bus to the delightful old-world country house of 
Dr. M.-A. Dollfus, the General Secretary of the Society, at Lyons-la-Forét in Normandy. There 
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a cocktail party was given in the garden by Dr. Dollfus whose generous and kindly hospi<ality 
was much appreciated. The “‘Forét de Lyons” is said to be the finest beech forest in Frarice. 


Tuurspay, May il 
J. P. Batcurart (Paris), in his paper on “Central Scotomata and the Fixation Point”, drew atten- 
tion to the role of the peripheral retina in orientating the visual axis after loss of macular vision 


in an adult. 

N. Moura Brazt and J. REZENDE (Rio de Janeiro) were enthusiastic about the results of light. 
coagulation used in a series of 300 cases in Rio de Janeiro. Their paper was entitled “The 
Important Role of Light-coagulation in Ophthalmology”. 

K. MEYER-SCHWICKERATH (Bonn), opening the discussion, recommended caution in prophy- 


lactic treatment of degenerate retinal areas. Equatorial degeneration should be surrounded 
using the “Keep off” technique, as direct coagulation may induce detachment. He warned 


that for melanomata above 5 dioptres in height, light-coagulation may be insufficient to induce 
complete necrosis. > 

M.-A. Dottrus (Paris) said he had found cellular mitoses 18 months after light-coagulation of 
retinoblastomata, but conjunctival naevi responded well. 

M. Wot.tez, R. ASSEMAN, M. CorBEL, and G, PoLtet (Lille) gave an interesting paper on 
**Siderotic Glaucoma”, a condition apparently easier to prevent than to cure. Medical therapy, 
inclucing Diamox, has very little effect, and surgery is difficult because of the fluidity of the vitreous. 

The report would not be complete without touching on one of the “fringe” demonstrations 
held by MM. P. Payrau, G. OrrreT, and Y. PoULIQUEN at the Hopital Cochin on May 8. By 


macro- and micro-photographs and by a clinical case, these workers illustrated their spectacular 
research on corneal lamellar heterografts. Corneae have been successfully transplanted between 


several animal species, including dog or calf to man. The donor material is stripped of epithelium 
and treated by silicone desiccation or lyophilization. These measures reduce the antigenic 
power of the donor material, Injections of corneal epithelial extracts (desoxyribonucleoproteins) 


are given intracorneally near the site of coaptation. 
One must also mention a most enjoyable cocktail party given by MM. Etienne and Ourgaud 


on a bateau mouche on the Seine, and the annual dinner at the Eiffel Tower which gave excellent 


proof of French culinary expertise. 


I wish to acknowledge my debt of gratitude to the French Ophthalmological Society, whose 
bursary award financed my attendance at their Congress. My thanks are also due to Mr. John 
Foster, Leeds, the North British delegate to tlie Society, who actively sponsored me as a candidate 
for the award, and to Sir Stewart Duke-Elder. 


Reference (Corneal Heterografts) 


PAYRAU, P., POULIQUEN, Y., and FAURE, J, P. (1961). Ann. Oculist. (Paris), 194, 1, 123. 
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COMMUNICATIONS 
CHRONIC ENDOPHTHALMITIS DUE TO TOXOCARA* 


BY 


tl. M. DUGUID 
Department of Pathology, Institute of Ophthalmology, University of London 


NEMATODE infestations of the eye evoked little or no interest until the middle 
of the 20th century when Wilder (1950), whilst carrying out a histological 
survey of 46 cases of pseudogliomata, found nematode larvae or their hyaline 
capsules in 24, and tissue reactions characteristic of nematode endophthal- 
mitis in the remaining 22. At that time, the larvae found in Wilder’s series 
were believed to be those of the hookworm, and it was not until 6 years later 
that Nichols (1956), when reviewing this series, ascertained that the larvae 
present in five eyes were in fact those of Toxocara canis. 

More recently, Irvine and Irvine (1959) reported one case in which a 
retinoblastoma had been diagnosed clinically but histological examination of 
the enucleated eye revealed only chronic endophthalmitis due to a larva of 
the genus Toxocara at the site of the clinical tumour. 

No ocular lesions due to Toxocara had been identified in Britain until 
Ashton (1960) described four cases of retinal granuloma in which the larvae 
of this genus were actually demonstrated, and thereby established not only 
that the larva existed as an entity in human disease in Western Europe, but 
also that it was capable of producing a granulomatous ocular lesion which 
previously had sometimes been labelled as exudative choroiditis and which 
had certainly not formerly been associated with 7: oxocara canis. The 
importance of this discovery lies not only in the finding of a new lesion 
attributed to the Toxocara, but more especially in the fact that all four eyes 
reported by Ashton had been enucleated because the lesion strongly resembled 
a retinoblastoma. 

Outside the field of ophthalmology, Beaver, Snyder, Carrena, Dent, and 
Lafferty (1952), during the investigation of eosinophilic granulomatous lesions 
of the liver, discovered portions of a larval nematode belonging to the genus 
Toxocara and, since this discovery, the larva has begn located in human 
tissues by numerous workers, thus confirming the importance of Toxocara 
infestation as an aetiological agent in some diseases. No such case, however, 
has yet been reported in the United Kingdom, although the larva found by 
Beautyman and Woolf (1951) in the brain of a child and described as that of 


Ascaris lumbricoides may have been of this nature. 





* Received for publication March 21, 1961. 


45 705 








706 I. M. DUGUID 


As stated above, the granulomatous lesion described by Ashton was the 
only evident form of ocular Toxocara in Great Britain, but during the past 
year at the Institute of Ophthalmology, a chronic endophthalmitis due to 
Toxocara has been discovered in six eyes. Jt might be mentioned in passing 
that Toxocara infestation was suspected only after examination of the initial 
histological sections and that in only one case was its presence believed to 


have been considered in the clinical differential diagnosis. 


Case Reports 


Case 1, a boy aged 44 years, attended hospital because his mother had noticed something 
white in his right eye. This had been present for the previous 3 or 4 months but not 
longer. On examination under general anaesthesia, a white retrolental mass suggestive 
of a neoplasm was found and the eye was subsequently enucleated. 


Pathology 


Macroscopicat EXAMINATION.—The eye was opened horizontally to show a funnel- 
shaped retina) detachment with an abundant subretinal exudate containing cholesterol 
crystals. No intra-ocular new growth was seen (Fig. 1). 


Fic. 1.—Case 1, section of eye, showing funnel-shaped retinal detachment and 


cyclitic membrane which contained larva (arrow). Celloidin section. Haema- 
toxylin and eosin. x6. 
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MicroscopicaL EXAMINATION.—Section showed a mild chronic inflammatory 
reaction in the uvea and posterior synechiae to the lens. There were cholesterol crystals 
in a massive subretinal exudate, and the totally detached retina contained replacement 
giiosis besides being adherent anteriorly to a cyclitic membrane in which there were numer- 
ous plasma cells, Jymphocytes, and some polymorphonuclear leucocytes. In four of the 
serial sections examined, a small focus of fibrinoid necrosis was found within the cyclitic 
membrane, Fragments of a nematode larva probably that of Toxacara (Figs 2 and 3) 
were present within the fibrinoid necrosis, which was surrounded by endothelioid cells 
and numerous eosinophils. In addition, a large fibrous mass was found at the macula, 


and it is suggested that this indicated the point of entry of the larva before it eventually 
passed into the vitreous. 


Fic. 2.—Higher-power view, showing Fic. 3.—Transverse section of larva in 


fragment of nematode (arrow) amidst which excretory columns and lateral 
fibrinoid necrosis. x 120. alae are discernible. x 575. 


In view of these findings, subsequent investigations revealed that the boy had always 
been in good health, and that he had always been frightened of animals and avoided them 


whenever possible. 


Case 2, a boy aged 44 years, was brought for ophthalmic examination because the mother 
thought the right eye started to diverge at about the age of 2} years. The vision in this 
eye was poor and in addition to a low-grade iritis and posterior synechiae, a white mass 
was observed in the anterior vitreous. After a short period of observation, not only had 
the mass grown larger, but at the same time it had become yellowish in colour; enucleation 
was therefore performed. The other eye was healthy in all respects. 


Pathology 

MACROSCOPICAL EXAMINATION.—The globe was opened horizontally, revealing a 
total retinal detachment with extensive subretinal exudation. A retrolental membrane 
was present but there was no evidence of tumour (Fig. 4, overleaf). 

MICROSCOPICAL EXAMINATION.—The cornea showed early stromal vascularization 
andthe iris and angle structures were mildly infiltrated with chronic inflammatory cells, 
while an eosinophilic exudate occupied the anterior chamber. A subretinal exudate was 
present and the oedematous and totally detached retina was adherent anteriorly to a 
retrolental mass of granulation tissue consisting of endothelial cells, lymphocytes, and 
numerous eosinophils; in some serial sections, this mass was seen to contain foci of 
fibrinoid necrosis and occasional foreign body giant cells. In Sections 173-175, fragments 
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Fic. 4.—Case 2, section of right eye, showing totally detached 
retina adherent to retrolental granulation tissue, which contained 
the larva (arrow). Celloidin section. Haematoxylin and eosin. 


x 4, 


of a nematode larva (Figs 5 and 6) measuring 20 in cross section and, therefore, very 
probably that of the second stage larva of Toxocara canis, were found in these necrotic 


areas. 


Fic. 5.—Longitudinal section of larval 
fragment surrounded by chronic inflam- Fic. 6.—Another longitudinal section of 
matory infiltration. 575. larval fragment. x 385 


The child had been in close contact with a dog until the time of enucleation and apart 
from his ocular condition had always enjoyed excellent health. 





very 
otic 
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Case 3, a girl aged 7 years, attended hospital with a right convergent strabismus. The 
right eye was blind and besides having a shallow anterior chamber and cataract it also 
exhibited an iritis. Transillumination was suggestive of neoplasm and enucleation was 
therefore performed. The other eye was clinically normal with visual acuity 6/6. 


Pathology 


MACROSCOPICAL EXAMINATION.—The eye was opened horizontally and no intra- 
ocular neoplasm was found, but a total retinal detachment with a green subretinal exudate 


was observed (Fig. 7). 


Fic. 7.—Case 3, section 
of right eye, showing 
total retinal detachment 
and chronic granuloma 
(arrow). Celloidin sec- 
tion. Haematoxylin and 
eosin. x3-75 


Fic. 8.—Higher-power 
view of granuloma show- 
ing hyaline capsule 
(arrow) amidst eosino- 
philic necrosis. x72. 
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MICROSCOPICAL EXAMINATION.—Sections of the whole eye showed early paanus 
degenerativus, round-celled infiltration of the iris, and posterior synechiae to the lens, 
behind which lay an extensive cyclitic membrane heavily infiltrated by chronic inflam- 
matory cells. There was advanced replacement gliosis of a totally detached retina, and 
the subretinal exudate was not only invaded by macrophages, lymphocytes, and poly- 
morphonuclear leucocytes, but also contained cholesterol crystals. Scattered chronic 
granulomatous foci projected from the choroid into the subretinal exudate and in one of 
these there were giant cells, endothelioid cells, and eosinophils, together with extensive 
fibrosis around a central area of necrosis. Within this necrotic tissue there was a tube- 
like hyaline capsule (Fig. 8, previous page), which had almost certainly contained a 
Toxocara larva although it could not be found in the 426 serial sections examined. 

In view of these findings, further investigations carried out revealed that this child had 
been subject to repeated attacks of “flu” and on one occasion at the age of 7 months had 
had pneumonia. Furthermore, the child’s general condition seemed to improve after 
enucleation whereas before enucleation her health had been indifferent. For about 2 
years previously she had been in close contact with a dog. 


Haematological Examination.—This was carried out after enucleation. A differential 
count showed an eosinophilia of 13 per cent. The Wassermann reaction and Kahn test 
were negative. The toxoplasmosis dye test was positive at 1: 256, and the complement- 
fixation test at 1:8. It was interesting to find a positive toxoplasmosis result—the only 


one known in the series. 


Case 4, a boy aged 7 years, with poor vision in the left eye, first attended hospital at the age 
of 5 years when he was found to have a white mass below the left macula. Malignancy 
was not suspected at that time and during the succeeding 2 years a total retinal detachment 
gradually developed. The eye was then considered functionally useless so enucleation 
was performed. At that time, and one year later, the fellow eye was healthy in every 


respect. 


Pathology 

MACROSCOPICAL EXAMINATION.—The eye was opened horizontally to reveal a funnel- 
shaped retinal detachment with extensive subretinal albuminous exudation (Fig. 9, 
opposite). 

MICROSCOPICAL EXAMINATION.—Sections showed both anterior and _ posterior 
chambers to contain a scanty granular exudate and posterior synechiae between the lens 
and iris which was infiltrated by round cells. There was a small suprachoroidal exudate 
anteriorly, while some haemorrhage and chronic inflammatory cells were present in a large 
subretinal exudate. The totally detached retina had undergone replacement gliosis, and 
part of its surface was lined by an inflammatory membrane containing round cells, giant 
cells, and numerous eosinophils, together with several eosinophilic abscesses. 

Over 350 serial sections were examined and in sections numbered 298, 299, and 300 
fragments of a larva were visible. In one section (Fig. 10, opposite), there was a typical 
cross-section of the larva measuring 20 » and which showed lateral alae, excretory columns, 
and intestines, and was therefore probably a second-stage larva of the Toxocara canis. 


Case 5, a boy aged 2 years, was brought to hospital because his mother had noticed a left 
convergent strabismus and a white reflex in the left eye during the previous year. Because 
of some delay in having the boy admitted to hospital locally the mother brought him to 
London where he was seen by several surgeons who unanimously agreed the lesion was 
suggestive of a retinoblastoma. This eye was therefore enucleated. 
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Fic. 9.—Case 4, section of 
left eye, showing totally de- 
tached retina with part of its 
surface lined by an inflam- 
matory membrane in which 
larval fragments were located 
(arrow). Celloidin section. 
Haematoxylin and _ eosin. 
x4, 


Fic. 10.—Transverse (A) and oblique (B) 
sections of the larval fragments found in the 
—o membrane indicated in Fig. 9. 
x 405. 


Pathology 


MAcRoscoPIcaL EXAMINATION.—The globe was opened horizontally to reveal a 
funnel-shaped retinal detachment, extensive subretinal exudation, and a dense cyclitic 
membrane. No evidence of a neoplasm was found (Fig. 11, overleaf). 


__ MicroscopicaL EXAMINATION.—Section of the whole eye showed a round-celled 
infiltration of the iris with posterior synechiae to the lens. The totally-detached retina 
contained scattered areas of intraretinal exudation and haemorrhage, whilst an eosino- 
philic granuloma was adherent not only to the surface of the retina, but also to a thick 
inflammatory cyclitic membrane. In this granuloma there were numerous giant cells, 
eosinophils, and chronic inflammatory cells. Section 123 (Fig. 12, overleaf) showed a 
longitudinal portion of a Toxocara larva lying in an eosinophilic zone of necrosis in the 
centre of the granuloma. 
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Fic. 11.—Case 5, section of left eye, show- 
ing totally detached retina with an eosin- 
ophilic granuloma, containing the larva 
(arrow), adherent to the retina. Celloidin 
section. Haematoxylin and eosin. 4-7 


Fic. 12.—High-power view of granuloma, 
showing longitudinal section of larva 
(arrows) surrounded by chronic inflam- 
matory cells. 210. 


Subsequent inquiries revealed that this child had been in contact with a dog for the past 
year and that he had an eosinophilia of 7 per cent. (Total 1,421 per cu.mm.) During 
the past year, he had been subject to bouts of coughing but otherwise was in good health. 
This case is particularly interesting not only because of the differences in clinical and 
pathological diagnosis, but also because the initial sections of the eye showed little 
evidence of inflammatory reaction and eosinophilic infiltration. If no further sections 
had been cut, an erroneous diagnosis of Coats’s disease might well have been made. 


Case 6.—The clinical history of this case has already been published by Waldron Harris 
(1961) and will be only briefly summarized here with a more detailed account of the patho- 
logical findings. 

A child aged 2 years and 9 months was brought to the hospital because the mother 
thought she was not seeing well. Examination under general anaesthesia at about the 
age of 44 years, revealed features suggestive of neoplasm in the right eye and this was 
enucleated. 
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Pathology 

MICROSCOPICAL EXAMINATION.—A section sent for opinion to Prof. Ashton at the 
Institute of Ophthalmology, showed a complete retinal detachment without evidence of a 
tumour (Fig. 13). The presence of a few pockets of eosinophils together with a mild 
chronic inflammatory reaction suggested parasitic infection. Dr. E. M. Ward, Patho- 
logist, Leicester, kindly supplied the paraffin block containing the remainder of the eye and 
further serial sections were cut. About 680 sections from this block were examined and 
in four of them fragments of the nematode larva (Fig. 14) were discovered amidst fibrinoid 
necrosis in the centre of a choroidal granuloma, protruding into the subretinal exudate. 
This granuloma also contained a round celled infiltration, giant cells, and an intense 
eosinophilic reaction. The larval fragments measured 18 » in width and therefore corres- 
pond to the second-stage larva of Toxocara. 


Fic. 13.—Case 6, section of right eye, 
showing retinal detachment and choroidal 
granuloma which contained the larva. 


Haematoxylin and eosin. x 3-75. 


Fic. 14.—Higher-power view of granuloma 
showing round celled infiltration and 
eosinophilic necrosis around larval frag- 
ments (arrow). 125. 


Subsequent inquiry revealed that the child had been in fairly close contact with a puppy 
andacat. She had suffered frequent nightmares, waking up and shaking, and she had an 
eosinophilia of 6 per cent. The fellow eye was healthy in all respects. 
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The nematode Toxocara is one of the commonest intestinal parasites of 
dogs and cats, and is particularly prevalent in puppies during the first 2 
months of life. Adult worms (Fig. 15) present in the stomach or small 
intestine may either be vomited by the puppy or remain in its gut, the ova 
(Fig. 16) being excreted in the faeces. Garden soil therefore may become 
heavily contaminated by a single infested animal. According to prevailing 
conditions the ova may die, but they are remarkably resistant and may actually 
remain dormant or develop to a limited extent. 


Fic. 15.—Adult male and female Toxocara canis worms. 


Fic. 16.—Toxocara ova isolated Fic. 17.—First-stage larva of Toxocara 


from faeces of an infested dog. canis, The larva is curled up within 
x 210. its protective shell. x 525. 
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A child of diri-eating age may accidentally come into contact with and 
swallow Toxocara ova, which develop further in the child’s intestine, produc- 
ing first-stage larvae within a protective shell (Fig. 17). Under favourable 
conditions or through intestinal activity, the shell ruptures (Figs 18, 19, 20), 
liberating the second-stage* larva (Fig. 21), which migrates from the gut into 
the tissues or blood stream (hence the name visceral Larva migrans). Accord- 
ing to Sprent (1958), Toxocara larvae are active borers and it is conceivable 
that they might lodge in any organ or tissue. Toxocara lesions are found 
usually in the liver, lung, and brain where respectively jaundice, pneumonitis, 
and encephalitis may result. A larva may migrate further, by chance reach- 
ing the eye where it gives rise to a chronic inflammatory reaction. Figs 16 
to 21 show actual photomicrographs of developing ova and larvae which the 
author has cultivated under suitable conditions in the laboratory. 


Fic. 18.—The shell has just 
ruptured and the larva ap- 
proaches the opening. x 210. 


Fic. 20.—Larva almost liber- Fic. 21.—The migrating second-stage 


ated. 210. larva, now free, lies amidst erythrocytes. 


At present, it is impossible to estimate the incidence of ocular Toxocara 
infestation, as time-consuming histological examinations, often of several 
hundred serial sections from each eye, have to be carried out, and even then, 
if found, the larval fragments may be present only in two or three sections. 
In the Department of Pathology at this Institute, there are sections from 
several eyes showing features of parasitic involvement in which no larvae 
have been demonstrated. These cases parallel 22 of the 46 cases from Wilder’s 


series, but it is probably preferable to follow Ashton’s advice—“to confine 


* This larva measures about 20 u in diameter and 350-450 u in length. 
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any further reports to cases where the nematode larvae have actually !cen 
demonstrated ”. 

It would appear that two types of ocular lesion may be produced by Toxo- 
cara: the first a granuloma and the second a chronic endophthalmitis with 
exudation. The granulomatous lesion resembles that found in some cases 
of tuberculosis in adults with a low tissue sensitivity and high resistaace, 
resulting in little more than an intensified foreign body reaction with subse- 
quent “healing” by fibrosis and encapsulation. This type of lesion might be 
simulated in children when several larvae have entered the tissues and have 
remained there sufficiently long for the host to acquire a high resistance to 
them. When this has occurred, it is possible that one of the larvae migrates 
further afield to become lodged in the eye where, in the circumstances, a 
granulomatous lesion is formed. In the second group with chronic endo- 
phthalmitis, it may be that the larva passes rapidly to the eye and, due to high 
toxicity and high sensitivity of the host, tissue destruction and exudation are 
present in addition to chronic inflammation. This results in chronic endo- 
phthalmitis and retinal detachment, well seen in the six cases described in this 
article. In addition, it is understandable that an ocular Toxocara lesion may 
commence in the more superficial retina as a granulomatous mass and follow- 
ing intraretinal exudation give rise to a4 parasitic mass projecting forwards 
into the vitreous. This lesion resembles a clinical case under observation 
and may represent an intermediate stage between the granulomatous lesion 
and that with chronic endophthalmitis and retinal detachment. 

Toxocara canis infestation should be remembered as a cause of chronic 
endophthalmitis in children and certainly investigated or considered along 
with other known aetiological agents of chronic uveitis in the young. 


Summary 


(1) Six cases of chronic endophthalmitis with retinal detachment due to 
Toxocara canis are described. This particular type of lesion has not pre- 
viously been described in Great Britain. 

(2) The life cycle of ‘the parasite is briefly described, with particular 
reference to ocular involvement. 

(3) Toxocara larvae may present two differing ocular lesions, namely a 
granulomatosis and a chronic endophthalmitis with retinal detachment. 
The possible reason for this difference in presentation is discussed. 

(4) Ocular Toxocara infestation should be borne in mind in the differential 
diagnosis of pseudoglioma and of chronic endophthalmitis in the young. 


1 am particularly indebted to Prof. Norman Ashton for his valuable criticism and encourage- 
ment, not only during the preparation of this paper but also while the work has been carried out. 
In addition I wish to thank Mr. A. McNeil, Mr. V. E. Elwood, and Mr. P. Aldred for their 
technical assistance, and Miss E. FitzGerald for secretarial help. 
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THE MEIBOMIAN GLANDS*+ 


AN INVESTIGATION INTO THE SECRETION AND SOME ASPECTS 
OF THE PHYSIOLOGY 


BY 
ROBERT G. LINTON, DAVID H. CURNOW, aAnp WILLIAM J. RILEY 


Royal Perth Hospital, Perth, Western Australia 


VerY little information appears in the literature on the composition of the 
Meibomian gland secretion or the mechanism whereby it is distributed to the 
lid margin. The most recent work on ocular biochemistry (Pirie and van 
Heyningen, 1956) makes no mention of the subject, and the majority of 
text-books dismiss it with the statement that the secretion is of a sebaceous 
nature. Duke-Elder (1938), quoting Pes (1897), says that the secretion is 
rich in fats, fatty acids, and cholesterol. Schiefferdecker (1906) described 
the glands as being filled with glandular epithelium, the peripheral cells 
being fat-free and the polygonal central cells being loaded with fat. This is 
shown in Fig. 1 (opposite), which is a section from a gland obtained post 
mortem from an adult human and stained with Sudan 3. 

Buschke and Frankel (1905) investigated the physiology of the glandular 
action and found that in laboratory animals the secretion was increased by 


section of the cervical sympathetic. The glands could also be forcibly 
emptied by subcutaneous injection of physostigmine. 

We have been unable to find reference to more modern work and the 
standard text-books make little mention of the question. We therefore 
considered that the question of the composition of the secretion should be 
restudied and the means of its controlled excretion in man reconsidered. 


Investigations 


Material.—Clinic patients, nursing and hospital staff, in-patients and school 
children, all free of any gland or lid disease, were used as donors. 

The collection of sufficient secretion proved to be extremely difficult. It was 
first thought it could be collected in micro-pipettes inserted into the orifices of the 
glands, but this was defeated by its melting point. It solidified in the mouths of 
the pipettes, which could not be kept warm enough for it to run up by capillarity. 
Hence, it was collected (after excluding lid or gland disease) by expression with a 
glass rod, and was collected, as it solidified, with a Meibomian cyst curette. From 
539 persons 200 mg. secretion was obtained. 

Chemical investigation was carried out on the material and at the same time 
clinical observations were made on the mechanisms of expression by the lid 
muscles. 





* Received for publication January 10, 1961. 
t Work done under a grant made by the Ophthalmic Research Institute of Australia. 





Fic. 1.—Section of a normal adult Meibomian gland, demonstrating lipid secre- 
tion in the duct. Sudan 3. 


Fic. 3.—Section of normal neonatal Meibomian gland, showing lipid in cells and 
in duct. Sudan black. 


To face p. 718] 
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Chemical Studies 

Melting Points——The crude material melted slowly from 35-40°C., leaving 
some cell debris. A visual estimate indicated that about 80 per cent. of the 
material melts. 


Ether Extractions.—The pooled collected fluid was extracted with ether, leaving 
only cell debris, and yielded on evaporation of the ether a light yellow, waxy 
solid which was microscopically amorphous. All further examinations were made 
on this ether-soluble material. 


Elemental Analysis.—Micro-analysis gave the following results indicating less 
than 1 per cent. of elements other than carbon, hydrogen, and oxygen: 


C 80-6 per cent. ; H 12-56 percent. ; O 6-19 per cent. 


Infra-red Analysis.—The infra-red absorption spectrum of the crude material 
showed absorption bands at 1,736 cm.~! corresponding to a carbonyl group, and 
at 3,000 cm.~! corresponding to a not fully substituted double bond. 


Chromatography.—-With the filter paper disc technique of Hack (1953), modified 
by Hordééek and Cernikovd (1959), the following observations were made. 
Ether extract of Meibomian gland fluid (8-7 mg.) was dissolved in 1-74 ml. 
CHCI,;:MeOH (4:1, v/v) to give a concentration of 5 mg./ml. 30 ml. of this 
solution was applied to Whatman No. | filter paper previously extracted with 
CHCI,: MeOH mixture. Bands were detected after elution and drying by staining 
with Sudan 2 (Table I). 

TABLE I 


BANDS DETECTED 





Elution Solvents Bands 





CHCl3: MeOh One band at solvent front 





Acetone One band just behind solvent front and some material on 
start line 





MeOH No movement 


(a) CHCl;: MeOH One band at first solvent front (Band I) 
(6) Acetone One band behind second solvent front (Band II) 








(a) CHCl;:MeOH Same as in Run 4 
(6) Acetone 
(c) MeOH 











Subsequent runs were eluted with chloroform-methanol followed by acetone 
as in Run 4, and the detection of specific lipid groups was carried out (Table II, 
overleaf.) : 

Band II, which contained the larger part of the total material, was a double 
band on staining with Nile blue, the slower migrating portion staining pink and 
the faster staining blue. It would appear that somewhat less than 50 per cent. of 
bse total material is neutral fat, staining pink, and the remainder an unidentified 
ipid. 
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TABLE II 
DETECTION OF LIPID GROUPS 





Lipid Groups Band I 





Neutral Fats—(Nile blue) 

Cholesterol—{acetic and sulphuric acids) 

Amino Lipids—(ninhydrin) 

Plasmalogens—(HgCl, and 2:4-dinitrophenyl-hydrazine) 
Choline Lipids—(K 2Cr207—diphenylcarbazide) 

Free Acids—(AgNO3) 


Fis site te Nae ea | 








Discussion.—We have not been able to confirm the observation of Pes (1897) 
that the secretion is rich in cholesterol and fatty acids but find that neutral fats and 
an unidentified lipid constitute the major part of the material. Phospholipids are 
present, but from consideration of the micro-analysis, constitute less than 10 per 
cent. of the total secretion. 

The Meibomian gland fluid differs from skin sebaceous gland secretion (Horaéek 
and Cernikova, 1959) in being free from cholesterol, free fatty acids, and amine 
lipids. 


Clinical Studies 

Observations on the Mechanism of Excretion—The bundles of the muscles of 
Riolan, or pars marginalis muscles, are clearly seen arranged elliptically around the 
ducts leading to the orifice of the Meibomian gland (Figs 2 and 4, opposite). The 
action is not really sphincteric but limpet-like in character, as the interfascicular 
septa of the muscle are prolonged around the ducts to join with and become an 
integral part of the tarsal plate (Fig. 4). Thus on contraction the muscle is drawn 
towards the tarsal plate compressing the ducts and so preventing the outflow of 
secretion. Conversely, the contraction of the fibres comprising the pars palpebrae 
of the orbicularis oculi would promote the flow of secretion by a milking action 
(Fig. 2). Thus, these two muscles could be opponents and not necessarily 
physiologically part of the orbicularis oculi, although anatomically one may 
consider them to be so. It is not known whether, in man, the sympathetic nervous 
system controls the excretion as it appears to do in rabbits. 


In the act of a blink, the glands are milked and a little secretion expressed. Its 
physical properties prevent the tears overflowing on to the lids and ensure their 
passage towards the lacus lacrimalis and the puncta. Between blinks, the muscle 
of Riolan is contracted, the orbicularis is relaxed, and the secretion moves up 
into the duct whose neck is closed. 


Emotional disturbances which influence all glandular secretions must be con- 
sidered. The baby, who usually cries frequently, puts a great demand on the 
Meibomian glands—their secretion is increased and they are rapidly emptied by 
the forceful blepharospasm seen when an infant cries—there is no chance of 
stagnation of the secretion with its attendant susceptibility to infection—thus, 
Meibomian cysts and abscesses are rare in healthy infants. The histology in 
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infants (Fig. 3, see col. pl.) appears identical with that in adults, except that 
occasionally there are a few muscle bundles on the outer side of the ducts in the 


adult. 
\ 2 


Fic. 2.—Section showing whole lid. 
(1) Bundles of muscles of Riolan around distal end of gland. 
(2) Pars palpebrae orbicularis. 


Fic. 4.—Section showing prolongations of interfascicular septa, S, to tarsal plate. 


Effect of Prolonged Concentration on Excretion.—It was noticed that those doing 
prolonged close work blinked at a much slower rate than the average, which was 
once every three seconds. Three groups of nurses were examined by expression 
immediately after writing a 2-hour examination paper—not a sign of secretion 
was gathered from any group, the glands were empty and no secretion could be 

46 
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obtained until they had spent 10 minutes consciously, but not forcibly, blinking, 
This observation may have some bearing on the discomfort experienced by some 
people when watching television. 


Influence of the Size of the Eye on the Excretion The myope, unconsciously 
or consciously, improves his vision by a slow clonic semi-contraction of his lids, 
thus producing a stenopaeic slit. It is an action involving the whole of the 
palpebral portion of the orbicularis—he does not blink so often, but he effectively 
empties the glands—there is no stagnation and Meibomian cysts, etc., are relatively 
rare. This slow clonic contraction is anatomically forced upon him because of 
the size of the globe, the lids having to travel further to achieve the slit. 

Contrast this with the hypermetrope—the older subject beyond childhood 
when crying is not often encountered. He also achieves clearer vision by using 
the slit unconsciously, but to achieve this, because of the small eye, the lids do 
not have the same distance to travel and, nature always being economical in 
conserving energy, he does this by a tonic, as opposed to a clonic, contraction of 
the Riolan muscle. This tonic contraction, we believe, is pre-potent over the 
opposing action of relaxation and contraction of the palpebral portion of the 
orbicularis oculi and Riolan muscles, and thus Meibomian secretion outflow is 
impeded during most of the patient’s waking hours. This leads to the typical 
appearance of the established case in which the purplish rolled lid-edge is due to 
the muscular spasm plus engorgement of the veins and glands and is very often 
accompanied by scale or flakes, the latter being usually very evident on waking 
in the mornings. These flakes are composed of the Meibomian secretion, which 
is a clear oily fluid at body temperature and a white amorphous waxy solid at one 
degree less. Sleep relaxes the sphincteric action on the gland ducts and as the 
intraglandular pressure of the secretion is thus raised, is sufficient to cause far in 
excess of the normal to exude onto the lids and eyelash roots during sleep. The 
patient on waking may find the lid margins or lashes stuck together, whilst 
collections of the white and quite hard substance are found at the canthi. 


Discussion.—These encrustations on the lids could conceivably lead to 
blepharitis in three ways: ; 

(a) The mere mechanical presence of the fatty substance. 

(b) The irritation of the skin by breakdown products, e.g. fatty acids. 

(c) The establishment of bacterial infection under the scales. 


We suggest that the diminished outflow during the day is the reason why 
Meibomian glandular infection is so commonly seen in hypermetropes, for the 
stagnation produced allows pathogens to gain access to the orifices of the glands. 

These remarks apply mostly to the low hypermetropes, for the high ones do not 
seem to develop a spasm of the Riolan muscle. A common symptom is marked 
pruritus—this is relieved, usually for several days and sometimes for weeks, by 
glass rod massage and forcible closure of the lids about twenty times morning and 
night. 

However, of the lower hypermetropes—with or without astigmatism—some are 
much more prone to marked crusting of the lids than others, and these do not have 
the morning aggregation in the canthi. In such cases we found that on closure of 
the lids the posterior margin of the upper lid abutted on the anterior margin of 
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the lower lid, thus the Meibomian secretion, on being emitted from the glands 
during sleep, did not flow to the canthi in the intermarginal groove, but flowed 
outwards by capillary action to the lashes where it solidified and formed flakes. 
This condition was common to several members of many families examined and 
is associated with the type of squamous blepharitis which is not relieved by 
spectacles or by curing seborrhoea. We think it should be called “hereditary 
palpebral mal-occlusion”’. 


Differential Histochemistry 

Specific staining techniques demonstrate that no protein or carbohydrate 
substances are present in the secretion, which consists solely of lipid staining 
material. 


Summary 


The physical properties of the secretion of the Meibomian gland are 
described. 

The secretion consists of lipid material, including neutral fats, an 
unidentified lipid, and some phospholipid. Cholesterol and free fatty acids 
are absent. 

Certain postulates are made concerning the physiology of the Meibomian 
glands, an hereditary palpebral mal-occlusion is suggested as one cause of 
squamous blepharitis, and a method of relief for one form of pruritus 
palpebrae is described. 


Thanks are expressed to Mr. R. Plummer, F.R.P.S., for the photography. 
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DACRYOCYSTORHINOSTOMY 
AN OUT-PATIENT PROCEDURE* 


BY 
J. D. E. STRONG 
Royal Victoria lnfirmary, Newcastle upon Tyne 


CONSIDERABLE stress has been laid on the necessity of careful in-patient 
treatment and post-operative care in cases of dacryocystorhinostomy. In 
most busy hospital departments it is sometimes extremely difficult if not 
impossible to cope with all the chronic dacryocystitis cases who require this 
operation and consequently the waiting list tends to get out of hand, and 
Many of these waiting cases return in the interval with acute attacks of 
dacrycocystitis and all its attendant complications. To overcome this 
problem we have for some years treated these cases as out-patients in an 
attempt to show that hospitalization may not be necessary. This procedure 
enables the patient to be given an appointment for operation straight away, 
and as the operation is seldom more than 3 weeks ahead the waiting list is 


eliminated. 


: Pre-operative Investigations 
All patients have an E.N.T. examination to eliminate the possibility of 


intra-nasal disease. Secondly it is noted whether there is positive evidence 
of patency of the canaliculi. In cases in which it is not possible to pass the 


cannula into the sac, this fact is entered in the patients’ notes, and the 


surgeon is then prepared to treat an ampullary block at operation as well as 
the possibility of a blocked naso-lacrimal duct. Many of these cases of 


apparent ampullary stenosis are found at operation to be perfectly patent, 
the stenosis being in fact due to kinking. This is particularly true of patients 
with rather tight mucoceles, which are distorting the anatomy and pressing 
on the medial end of the canaliculi before they pass in to the sac. This 
demonstration of patency on the operating table is simpler than many 
methods involving radio-opaque substances and radiologica) diagnosis. 


Operative Technique 
Where possible, patients are given a local anaesthetic before they go to the 
operating theatre; this anaesthetic is administered in three ways: 
(1) By local infiltration with procaine and adrenalin. This injection aims at: 
(a) infiltrating the infra-orbital canal. 


(6) Picking off the infratrochlear nerve. 


(c) infiltrating the subcutaneous area at the site of operation. 





* Received for publication March 2, 1961. 
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(2) A cocaine pack is placed in the nose on the appropriate side against the 
mucous membrane corresponding to the medial wall of the lacrimal fossa. 

(3) If possible, the sac is irrigated with a small amount of cocaine solution 
(5 per cent.). 


Incision.—Despite the recommended technique of striking down to the 
bone with the first incision far less bleeding has been found to accrue when 
one dissects through the structures. Small veins may be picked off before 
they are cut and the anatomy is far less disturbed. As the operation is being 
performed between the medial palpebral ligament and the lower part of the 
aaterior lacrimal crest, the incision is limited to a shade more than this length 
which gives an average of 20to 25mm. The incision is begun 3 mm. medial 
to the inner canthus from a point just above the media) palpebral ligament, 
and it is carried in a straight line parallel with the side of the nose. It is 
important that the incision is straight; any curve tends to give rise to puckering 
and formation of the appearance of epicanthus. 

The separation of the fibres of the orbicularis oculi muscle reveals the 
glistening lacrimal fascia, and as the soft tissues are pushed medially its 
continuation with periosteum covering the frontal process of the maxilla 
is revealed. The anterior lacrimal crest is identified with a sharp rugine. 
The periosteum is split from the level of the medial palpebral ligament down 
to the lowest point of the crest following its curvature. The instrument is 
then inserted backwards so that the lacrimal sac with its lacrimal fascia 
tacked around it is levered in a lateral direction and the floor of the lacrimal 
fossa is exposed, A ground-down von Graefe’s knife with a sharp point is 
now passed into the sac near the medial border. A lacrimal cannula can 
then be passed into the sac, and saline can be syringed down the duct 
demonstrating indisputably any blockage which may be present. 

On the rare occasions when the duct is found to be patent one can direct 
one’s attention to the upper part of the lacrimal apparatus and perform what- 
ever procedure is indicated. Proceeding with the dacryocystorhinostomy, 
the puncture mark is extended in the vertical plane, thereby isolating the 
medial wall of the sac with its covering of lacrimal fascia. This medial 
wall is completely excised. At this point one can check the patency of the 
upper lacrimal tract and as before should it be defective, e.g. through ampul- 
lary stenosis, then the procedure for dealing with this is combined with the 
dacryocystorhinostomy. 

The periosteum lying media) to the lacrimal crest is now stripped and 
pushed medially to expose the bone. The vertical suture line between the 
lacrimal bone and the frontal process of the maxilla is now identified, and a 
small sharp flat-bladed instrument is inserted in to it and twisted forwards 
sufficiently to allow the entrance of the mucous membrane elevator. Bone 
nibbiers are then inserted and with alternate elevation of mucous membrane 


and nibbling of bone an ostium is made. This extends from the anterior 
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border of the lacrimal bone to a point about 8 mm. medial to the lacrima) 
crest. It is limited above by the medial palpebral ligament and is con- 
tinued below to within a few millimetres of the lower end of the lacrimal 
crest. It works out to be about the size of a sixpence. Although this would 
appear to be a less elegant method of making the ostium than say the use of 
a trephine, in fact, of the fifty cases in this series, not one had damage to the 
mucous membrane. 

The mucous membrane is now cut so as to produce a single flap hinged at 
the anterior border of the ostium. This is sewn by two fine catgut sutures 
to the anterior border of the cut edge of the lacrimal sac, one suture above 
and one suture below. No attempt is made to suture the posterior part of 
the anastomosis, for at this point the posterior cut edge of the sac lies parallel 
to the cut edge of the mucous membrane and is separated by the mere flake 
of the lacrimal bone and stitching is unnecessary. The orbicularis oculi is 
laid back into position and the skin is then closed by five or six interrupted 
black silk sutures. When the operation is finished the nasal pack is removed 
and a little saline is flushed through to remove any residual blood clot. 
The average operating time for the fifty cases presented was 40 minutes. 


Post-operative Treatment 


The patient is kept in the recovery room for 2 hours after the operation 
and is allowed to sit up or walk about. Provided there has been no oozing 
from the nose or into the throat the patient is allowed to go home with exact 
instructions as to what he should do should any oozing appear. 

Of the fifty cases described it was deemed necessary to admit only one patient 
for one night. This was a hypertensive patient 70 years old, who had some 
oozing during the 2-hour waiting period but who in fact had no further 
trouble and was allowed to go home the following morning. The patients 
are seen again in 7 days and the sutures are removed. A further 3 weeks is 
allowed to elapse before syringing is performed. If the naso-lacrimal duct 
is freely patent the patient is seen in 6 months for follow-up. 

To date there has been no case in which post-operative bleeding either early 
or late was sufficient to warrant the patient’s return to hospital before the 
stipulated 7 days. This’ covers over 250 cases treated in this way in the 
past 5 years, by various surgeons. 


Post-operative Results 


For this purpose fifty consecutive personal cases treated between July, 
1958, and December, 1959, have been analysed. The patients’ ages were as 
follows: 





Age Group (yrs) 20-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70 and over! Total 




















No. of Patients 1 | 10 11 | 15 10 3 50 
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Of these fifty cases, forty-five were found to be patent and symptom-free, 
and five to be blocked. Not all of them had drained for a full 2 years 
(which may be accepted as a cure), but none had drained for less than 
12 months. 


The operative history may be summarized as follows: 





Excessive Bleeding | Minor Bleeding 





Ethmoids Mucous Membrane 


During | After | Encountered during | “Flap Obtained 
Ist Ist (Ser aa 


12 hrs | 12 hrs 
11 | 0 7 1 


| 
At Operation | Post-operative 




















Of the five failures, three now show ampullary blockage. The fourth is 
no longer available for examination owing to a chronic wasting disease; the 
block was present at the last examination, but its exact site was not noted. 
The fifth was a man who had had a severe facial war injury including 
laceration of the lacrimal tissues and a compound fracture of the maxilla. 


Discussion 
That this operation can be successfully performed as an out-patient 
procedure there is no doubt, but the question must arise whether it is a safe 


procedure. The only dangerous complication which may occur is 
haemorrhage at one of the following sites: 


(a) Soft tissue lateral to the ostium; 
(b) Soft tissues medial to the ostium; 
(c) The bony ostium itself. 


(a) There should be no difficulty in obtaining complete and permanent 
haemostasis. 


(b) There is always initial bleeding on cutting the mucous membrane 
flap, but in our experience this stops within minutes and is always dry by the 
end of the operation. This site may account for slight post-operative 
oozing but not for severe bleeding. 


(c) Haemorrhage from the bony ostium is the most likely to give trouble, 
but if it does occur it will show itself during the operation. It is usually 
fairly easily controlled, either by local cautery or by further nibbling of the 
bone, which may crush the bleeding vessel more adequately thereby stopping 
the flow. Nevertheless, a severe primary haemorrhage from the bone, 
though it may apparently be stemmed by the above technique, is an indication 
for special post-operative precautions, particularly in the older patient. 
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Summary and Conclusions 


A relatively simple operative procedure has been described for he 
treatment of chronic dacryocystitis with naso-lacrimal block. It has been 
shown that this procedure may be carried out on a wide range of paticats 
without the need for hospitalization. 

The conclusions which may be drawn from these results are as follows: 

(1) The results obtained in this series of fifty cases done over a period of 

18 months compare reasonably with those obtained by other techniques. 


(2) Selected cases may require to be admitted for one night when circum- 
stances (either operational or environmental) indicate this. 

(3) Post-operative interference, with syringing, irrigation, etc., is not 
necessary except to demonstrate patency. 


I should like to thank Mr. H. Vernon Ingram and Mr. L. H. Lake for allowing me to treat 
these cases and for their helpful comments. 
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ENZYMATIC ZONULOLYSIS IN CATARACT SURGERY* 
A REVIEW OF 432 CASES 


BY 


J. M. PAHWA 
Eye Hospital, Sitapur, India 


SINCE the introduction of alpha-chymotrypsin (ACT) by Barraquer (1958a,b) 
as a zonulolytic agent to facilitate intracapsular cataract extraction, it has 
been widely used by surgeons in many countries. 

It is a proteolytic enzymé derived from the bovine pancreas, but its exact 
mechanism or mode of action is not clear. According to Barraquer it has 
specific action on the zonule and other structures are not affected, but ac- 
cording to Salmony (1959) its effect is not restricted specifically to the 
zonule, but it may also attack other structures such as the vitreous body which 
is developmentally similar to the zonule. Salmony investigated its proteo- 
lytic effect on tissues other than the zonular fibres through its ability to 
liberate amino acid from samples of aqueous, lens, and vitreous homogenates 
with which it was incubated. Bedrossian (1959), while experimenting on 
animals, came to the conclusion that the enzyme weakens the zonular fibres 
or its attachments but does not completely dissolve them. He thought that 
the healing of the corneal wound was not affected, but felt that the action 
of the enzyme might not be as selective as was claimed. 

Pieces of eye tissue submerged in a 1 in 5,000 solution of the enzyme for 
several hours were found to show no alteration even on microscopic histo- 
logical examination (Barraquer, 1959), and the solution of the problem of 
the enzyme’s mechanism of action may probably lie in the realm of biochemi- 
cal and ultra-microscopic study. A preliminary study of human eyes and 
eyes of Rhesus monkeys by electron microscopy reveals that the anterior lens 
capsule has three distinct layers, the outermost of which is continuous with 
the zonular fibres (pericapsular membrane) and ceases to be apparent after 
contact with alpha-chymotrypsin. The.zonule breaks down into clusters and 
fragments of relatively uniform length and arrangement, while the ciliary 
epithelium and internal limiting membrane remain unchanged. 

It is widely agreed that cataract extraction is facilitated by the use of this 
enzyme (Cogan, Symons, and Gibbs, 1959; Ainslie, 1959; Zorab, 1959). 
Paufique (1959), reviewing 200 cases, recommended it for cases in which 
unusual zonular resistance was expected; he further remarked that it should 
not be used for patients under the age of 10 years. Though Barraquer 
(1959) has used it in extracting congenital cataracts, his youngest patient being 
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4 years old, he has also pointed out the dangers of attempting extraction if 
the enzyme has not acted long enough. Arruga (1958) recommended a | in 
10,000 solution. Rizzuti (1959), who had used it in 32 cases, stated thai a 
well-dilated pupil, absence of excessive hyphaema, and a hypotonic eye will 
produce a more satisfactory effect; in one of two cases of congenital 
cataract, the chemical zonuloysis had little or no effect and resulted in 


vitreous loss. 


Indications for Use 


(1) In juvenile and pre-senile cataracts in which the suspensory ligament is 
fairly strong. 

(2) In congenital and traumatic cataracts in patients over the age of 20 years. 
It should not be used in patients younger than this because the zonule is not the 
main problem; there is such a dense attachment of the anterior vitreous face to the 
posterior lens capsule that intracapsular extraction becomes hazardous and the 
incidence of vitreous loss is apt to be high. 

(3) In high myopes, in which the risk of subsequent retinal detachment may be 
reduced by avoiding pressure or drag on the ciliary body and subsequent vitreous 
loss. 

(4) In cases in which one eye has been lost by retinal detachment, preferably 
after a prophylactic diathermic barrage, as advocated by Franceschetti (1955) and 
Callahan (1959), has been undertaken 2 or 3 months before. 


(5) In one-eyed persons, because it makes the operation safer. 


Present Series of Cases 


The present paper describes the results in a series of 432 unselected cases. 


Material.—There were 290 males and 142 females. Their age groups were as 


follows: 
TABLE I 





Age Group (yrs) - No. of Cases 





10-20 5 
21-30 64 
31-40 128 
41-50 119 
51-70 





Total 








Preparations Used—Chymar-Zon (Chemo-Pharma) was used in fourteen cases, 
and Quimotrase (Pevya) in the remaining 418 cases. 

The latter was used in different concentrations, but we found the 1 in 5,000 
solution to be efficacious and safe and it is therefore recommended, but in senile 
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cases a 1 in 10,000 solution may be strong enough because the zonule is not so 
tough. 2ml. was found to be enough for most cases, but in very young patients 
the amount may be increased to 4ml. One should wait for at least 3 minutes 
before attempting to remove the lens as it takes at least that long for the full action 
to be exerted on the zonule. 

Our experience with Chymar-Zon is more limited, but 0-5 to 0-75 ml. (50-75 
units) was found to be an effective amount. 


Surgical Technique.—The premedication of the patient by Largactil and Gardenal 
and preparation by local anaesthesia and akinesia is the same as for any case of 
cataract extraction. Moderate dilatation of the pupil so that the enzyme can be 
injected well behind the iris to reach the zonule is preferable. A single pre-placed 
conjunctivo-episclero-limbal suture at 12 o’clock is used in all cases; this can be 
supplemented by two or more additional sutures in the few cases in which there is 
some tendency to vitreous loss or iris prolapse or the patient is un-cooperative. 

The usual incision from 9 to 3 o’clock with a conjunctival frill is made with a 
von Graefe knife without cutting the pre-placed stitch. The keratome and 
scissors method is reserved for cases with a shallow anterior chamber or deeply set 
en-ophthalmic eyes. After the von Graefe section, alpha-chymotrypsin 1 in 
5,000 solution freshly prepared is injected all round into the posterior chamber by 
means of a light 2-ml. syringe fitted with a long lacrimal blunt needle or cannula, 
thus flooding the subiridic space. Recently, we have started using curved rounded 
multi-holed cannulae, but I still prefer the former. Posterior synechiae if present 
are first dealt with by the iris repositor as the enzyme has no effect on them. 
Now one must wait for at least 3 minutes, during which time the zonule is weakened 
and the lens shows increased sphericity and appears to come forward. During 
this time one or two peripheral iridectomies can be done and if necessary, par- 
ticularly in young subjects, a further injection of the enzyme can be made behind 
the iris through the iris coloboma. After 3 minutes the anterior chamber is 
washed with saline solution to remove any excess of the active enzyme. 


Removal of the Lens.—The following methods were used in our 432 cases: 


(1) Arruga’s intracapsular forceps (62) 

(2) Suction method (73) 
(a) 20-ml. syringe fitted with a Barraquer ventouse through a long tube (41) 
(6) Barraquer’s erisophake (32) 

(3) Smith’s method (297) 


I prefer Smith’s method of expression as I have found it to be safer and followed 
by fewer complications. Gentle pressure is applied to the limbus at 6 o’clock 
with a lens hook or Daviel spoon, and gentle counter-pressure is applied with an 
iris repositor at 12 o’clock; the lens is thus expressed directly. Removing the 
upper pole first is easier than tumbling. 

If intracapsular forceps are used, one should be very gentle and cases of slippery 
capsule and intumescent cataract should be avoided because of the risk of dis- 
locating the lens by undue pressure. If a weak 1 in 10,000 solution of the enzyme 
is used, however, the intracapsular forceps are to be recommended. 
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Conclusion.—After the lens has been removed, the chamber can be washed vith 
a 1 in 10,000 solution of acetylcholine, but this I do not consider essential, a:id it 
may even disturb the anterior face of the vitreous and injure the corneal endcthe- 
lium. 

The iris is now replaced, the pre-placed suture is tied, with extra ones if necessary, 
and the conjunctival frill is smoothed over the suture lines. 

A subconjunctival injection of penicillin is given and a drop each of eserine and 
pilocarpine is instilled. Only the operated eye is bandaged and the patient is sent 
back to the ward. 


Complications 


In 99 cases complications were encountered. Some of these results were 
compared with those in another series of cases in which the enzyme was not 
used (Table II): 














TABLE II 
Complications as Percentage of Total No. Enzyme used 
of Patients Baia 

Yes No 
Vitreous loss (14) 3-01 1:2 
Striate keratitis (33) 7:84 0:8 
Iris prolapse (9) 2-08 1:2 
Hyphaema (14) 3-01 2:3 
Rupture of capsule (9) 2:1 5-2 
Non-formation of anterior chamber (9) 2-08 1:0 








(1) Vitreous Loss (14 cases; 3 per cent).—This occurred mostly in our earlier 
cases irrespective of age, before the technique was perfected. Its incidence was 
less in the lower age groups (20-30 years, one case; 31 to 40 years, two cases; 40 
to 70 years, eleven cases). The vitreous presented soon after the injection of the 
enzyme and before the lens could be extracted in two cases; this may possibly have 
been due to subluxation of lens by too much force or uncontrolled pressure of the 
cannula. One of these cases was a congenital cataract and another was a trau- 
matic cataract. In all these cases the amount lost was very slight, and in some the 
only sign was that the anterior chamber became deep. In one myopic case the 
vitreous was of fluid consistency. If the early cases are excluded, vitreous loss 
did not occur more often than in the non-enzyme cases, and it should not be 
forgotten that this series includes many young patients and myopes in whom 
vitreous loss is bound to be somewhat higher. 

Comparing this with other reported series, we find that Cogan and others (1959) 
had two cases of vitreous loss in 122 eyes, Ainslie (1959) had no vitreous loss in 
32 eyes, Murray and Drance (1960) reported it in 5 per cent. of their cases, and 
Townes (1960) in two eyes out of 67. 

Most of our cases were also studied under the slit lamp at the time of discharge 
from hospital, and the anterior vitreous surface was found to be intact. 


mo. 


(4) 
non-e 
Mostly 





Temar 


one of 








ith 
d it 
he- 


and 
ent 


ere 
not 








ENZYMATIC ZONULOLYSIS IN CATARACT SURGERY 733 


(2) Keratitis and Corneal Vascularization (33 cases; 7-8 per cent.).—This was 
nearly nine times more frequent than in the non-enzyme series, but mostly dis- 
appeared within 8 to 10 days. The inflammation was worse and persisted longer 
if accompanied by vitreous loss, and in two cases it persisted for nearly 6 weeks 
and took a long time to clear up. Cogan (1959) had one case of prolonged corneal 
infiltration. In the series of 26 eyes reported by Zorab (1959), there was one case 
of Fuchs’s dystrophy which deteriorated rapidly after surgery. Aijnslie (1959) 
had sixteen eyes out of 32 cases, which showed a marked striate keratitis for 3 
weeks. Similarly Townes (1960) observed it in 10 per cent. of his cases, Drance, 
Murray, and Smith (1960) reported striate keratopathy with corneal oedema in 
most of the cases in which the enzyme was used, and Hill (1959) reported corneal 
vascularization after the use of the enzyme in a 31-year-old man. 

One of my patients who had trachoma developed corneal vascularization and 
oedema, which were perhaps accelerated by the previous trachomatous process. 

Whether the enzyme had anything to do with the corneal oedema or keratitis is 
not clear. As it occurred less frequently in those treated by the Smith method and 
more often in those treated by the suction method, it might have been due to a 
mechanical injury of the endothelium. Kara (1960) suggested that it might be 
caused by the neurotoxic action of a strong concentration of alpha-chymotrypsin 
on exposed nerve endings in the line of the incision. In cases of vitreous loss, it 
might have been caused by contact with the corneal endothelium. 


(3) Iris Prolapse (9 cases; 2-03 per cent.).—This was slightly more than in the 
non-enzyme series (1-2 percent.). In two cases vitreous was also lost during opera- 
tion. The iris prolapse was seen on the second or third day in all but two cases 
which were noticed on the fifth and sixth day; in one of the latter it was 
accompanied by marked hyphaema. 

The prolapsed iris was excised, except in one case in which a slight prolapse was .- 
seen on the fifth day and was covered by conjunctiva and left alone. Cogan and 
others (1959) had six iris prolapses in 122 cases and in one the prolapse occurred 
as late as the 21st day. Orr (1959) reported one iris prolapse in fifty eyes, but the 
time interval was not stated. Townes (1960) reported six examples in his 67 
cases, but the prolapse usually occurred between the sutures. A re-opening of 
the wound without iris prolapse did not occur in our series, but Townes reported 
four cases in patients over 70 years of age (two in hospital and two after discharge), 
in all of which the wound required resuturing. 

These results suggest that the enzyme may interfere with wound healing, but I 
agree with Bedrossian (1959) who found no change in the wound union in his 
experimental work. On the other hand, Troutman (1958) suggested that corneal 
wound healing should be further studied and cited three instances of delayed 
wound rupture in 197 cases reported by Barraquer. Murray and Drance (1960) 
also reported a case of delayed iris prolapse occurring on the fifteenth day. 


(4) Hyphaema (14 cases; 3-01 per cent.)—This was slightly more than in the 


non-enzyme group (2:03 per cent.). The hyphaema was not severe and occurred 
mostly on the fifth and sixth day. One patient was diabetic. Francois (1958) 


Temarked at the All-India Ophthalmic Conference held at Trivandrum that it was 


one of his chief complications. Murray and Drance (1960) had one hyphaema in 
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42 cases, and also mentioned that an eye surgeon known to them had reported that 























































extensive post-operative hyphaema had occurred in the first three cases in which ie 
he had used the enzyme. Cogan and others (1959) had one severe hyphaema in 108 
122 cases, Ainslie (1959) had one in 32 cases. The exact cause is not known, but act 
it may be presumed that the enzyme may cause a fibrolysis at the ends of the small of: 
severed iris vessels after they have been sealed by a normal blood clot. first 
Casi 
(5) Rupture of the Capsule (9 cases; 2-\ per cent.).—As might be expected, there cau 
were many more ruptured capsules in the non-enzyme series than in the enzyme eye 
series. This is not a serious complication, but if there is concomitant vitreous loss, bale 
there may be a severe reaction and keratitis and iritis may supervene. sho 
Rizzuti (1959) had four ruptured capsules in 32 eyes, Cogan and others (1959) S 
had ten in 122 eyes, Orr (1959) one in fifty eyes, and Townes (1960) five in 67 eyes. forn 
presi 
(6) Dislocation of the Lens 6 cases).—This occurred mostly in the earlier cases R 
and was perhaps due to undue pressure during the injection of the enzyme or by and 
the intracapsular forceps. In three cases the lens showed. a marked tendency to deta 
spontaneous delivery soon after the injection because of complete lysis of the after 
zonule helped by straining or increased intravitreal pressure. Murray and 7 ma 
Drance (1960) reported that in many of their cases vitreous was lost immediately J} of 45 
after the injection before the eye was touched. Whether this was due to the enzyme and | 
or to the delay before starting surgery was not clear, but they recommended that J} detac 
the lens should be fixed soon after the injection of enzyme. They also reported a On 
case of complete dislocation of the lens into the vitreous, and its removal with a J} imprc 
vectis. oeden 
on wi 
(7) Fragmentation of Iris Pigment Epithelium (3 cases).—This is not a serious 
complication. Kara (1960) found that it occurred more often with Quimotrase. 
No case of pigmentary glaucoma has been reported. Barraquer (1959) thought 
that it was not directly related to the alpha-chymotrypsin and might be avoided by The 
a careful technique. weake 
less w 
(8) Non-formation of Anterior Chamber (9 cases; 2-08 per cent.).—In each case solutic 
this occurred within the first 8 post-operative days, and it was twice as frequent Bf of cop 
as in the non-enzyme series. The wound healing was normal in each case. Three Hi tions + 
had choroidal detachment. Four responded very well to Diamox and the 1959) 
anterior chamber was re-formed within 48 to 72 hours. One had severestriate Sor 
keratitis which may have predisposed to the formation of adhesions between the am 
iris and cornea; this case was treated by air injection but later developed secondary chymo 
glaucoma. The wound healing was normal and no delayed re-opening of the @ ‘ope 
wound was noticed in any case although only one conjunctivo-episclero-limbal fine two cai 
silk suture was used. : healing 
Townes (1960) had seven cases out of 67, three with iris prolapse and two with fe-oper 
wounds re-opening, Murray and Drance (1960) had one case out of 42, and effect ( 
Valerio (1959) reported late flattening of the anterior chamber in cleven of his § minim, 
seventy cases. This has not been a serious matter in our series and when! HF colony 1 






occurred was only of short duration (Mehrey and Pahwa, 1960). 
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(9) Other Complications.—There was no case of infection and uveitis was rare. 


In one case of iritis in which the capsule had ruptured and there was also vitreous 
Joss kerato-iritis developed ; this took a long time to clear up but the ultimate visual 
acuity was 6/12. Townes (1960) thought that the uveitis was unrelated to the use 
of alpha-chymotrypsin. Murray and Drance (1960) had endophthalmitis in their 
first case, which was later controlled, and Cogan and others (1959) reported three 
cases in which a severe iritis with hypopyon developed, but whether the enzyme 
caused the endophthalmitis is debatable. The injection of any solution into the 
eye may increase the chance of infection, and for this reason a perfectly sterile and 
balanced salt solution which can have no cytotoxic effect on intra-ocular structures 


should be used. 


Secondary glaucoma was noted only in two cases; one was due to delayed 


formation of the anterior chamber and in the other the tendency may have been 
present before the operation. 


Retinal detachment occurred in one patient who was highly myopic ( - 14 D) 
and who had a slight loss of fluid vitreous during the operation. The shallow 


detachment was seen in the lower part 7 weeks after the operation but subsided 
after a period of rest in bed. It later developed into an almost total detachment 


7 months after the operation. Murray and Drance (1960) reported one case out 


of 45 in a patient who was also a diabetic; total detachment occurred after 6 weeks 


and was treated by scleral buckling. Zorab (1959) had one extensive retinal 


detachment associated with a vitreous haemorrhage on the fourth day. 


One of our patients had an uncomplicated extraction, but the vision did not 
improve beyond 6/60. There was no abnormality except some mild macular 


oedema which did not respond well to vasodilators. The other eye was operated 
on without the use of enzyme and the result was a visual acuity of 6/6. 


Discussion 

The use of this enzyme marks a great advance in cataract surgery by 
weakening the zonule. In younger patients complications were significantly 
less when the enzyme was used, but in such cases the dose of the 1 in 5,000 
solution may be increased. In patients less than 20 years old and in cases 
of congenital cataract the enzyme should not be used, as serious complica- 
tions have been reported (Troutman, 1958; Cogan and others, 1959; Paufique, 
1959). Delivery of the lens was effected by expression by Smith’s method. 

Some complications which are said to occur more frequently with alpha- 
chymotrypsin include severe corneal oedema, hyphaema, iris prolapse, 
re-opening of the wound, and early shallow anterior chamber. The last 
two can be attributed to the retarding effect of alpha-chymotrypsin on wound 
healing (Fink, Bernstein, and Binkhorst, 1960). In our series wound 
fe-opening and excessive iris prolapse were not noted. -The enzyme has no 
cect on chromic catgut, but Altamirano and Callahan (1959) advise a 
minimum of five sutures. I still use a single pre-placed conjunctivo-epi- 


sclero-limbal silk suture which is removed on the ninth day, and no case of 
delayed wound opening was noticed. 





J. M. PAHWA 
Conclusions 


(1) There is evidence that alpha-chymotrypsin retards wound healing, so 
that plain catgut should not be used in suturing the incision; chromic caizut 
is safe and silk sutures perhaps safer still. 


(2) Striate keratitis, iris prolapse, and non-formation of the anterior 
chamber is seen more frequently than with other methods. Moreover, if 


these complications, particularly vitreous foss and iris prolapse ensue, the 
healing wil] be much more difficult than when no enzyme is used. 


(3) Alpha-chymotrypsin should not be used in patients below the age of 
20 years. 


(4) It should not be used as a routine in old people because of the many 
complications, especially as the lens can be so easily extracted in such cases 


by Arruga’s intracapsular forceps. 


(5) It should be used in juvenile cases of cataract, and in high myopes. 
In the latter it will be still preferable to make a diathermic barrage all round 


as recommended by Callahan (1959) 3 months before the operation. This 
is especially indicated if one eye has already been lost by retinal detachment. 


(6) It should also be used for cases in which difficulty in the intra-capsular 
procedure is anticipated. 
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FIBROUS DYSPLASIA OF THE ORBITAL BONES* 
BY 
ALY MORTADA 


Department of Ophthalmology, Faculty of Medicine, Cairo University, Egypt 


A NUMBER Of bone diseases may affect the orbital bones decreasing the orbital 
yolume and narrowing the optic canal, giving rise to unilateral exophthalmos 
and usually optic atrophy, simulating clinically an orbital tumour. Among 
such diseases are osteitis deformans (Paget, 1876); leontiasis ossea (Virchow, 
1896); osteopetrosis (Albers-Schénberg, 1904), and the generalized and 
localized osteitis fibrosa cystica described by von Recklinghausen. 

Albright, Butler, Hampton, and Smith (1937) classified the localized 
osteitis fibrosa lesions as solitary and disseminated according to the number 
of bones affected. For these two forms, Lichtenstein (1938) introduced the 
terms monostotic and polyostotic fibrous dysplasia of bone. 

Fibrous dysplasia of bone differs from generalized osteitis fibrosa cystica. 
Clinically it appears about the age of 10 years, is usually attributed to trauma, 
and becomes stationary after a limited period of active bony changes in a 
limited area. The aetiology of the disease is unknown, but it is probably a 
developmental mesodermal disorder. The blood calcium, phosphorus, and 
plasma phosphatase are normal. There is no hyperparathyroidism. Histo- 
pathologically the disease is characterized by the way in which the medullary 
cavity of the affected bones is filled by fibrous tissue in which spicules of 
calcified bone may be developed and small islands of hyaline cartilage may 
sometimes appear. As a consequence, there is widening of the affected 
bones with thinning of their cortex and replacement of cancellous bone and 
marrow by solid fibrous tissue (Duke-Elder, 1952). Cyst formation may 
be present but osteoclastoma has not been recorded. X-ray examination 
shows the affected bone to be expanded and trabeculated; some areas are 
thick while others are porous. This picture differs from that of osteitis 
deformans, leontiasis ossea, osteopetrosis, metastasis, and osteogenic sar- 
coma of orbital bones, orbital osteoma, and sphenoidal ridge meningeoma. 
Polyostotic fibrous bone dysplasia, with sexual precocity (mostly in females), 
and patchy cutaneous pigmentation constitute Albright’s syndrome. 

Few cases of fibrous dysplasia of the orbital bones are recorded in the 
literature, so that the description of a new case is still of interest. 





* Received for publication January 17, 1961. 
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Case Report 


A 32-year-old female (Fig. 1) complained of slow proptosis and deterioration of vision in 
the left eye since the age of 10 years. There was no history of trauma, and the family 
history was not significant. There was no skin pigmentation or endocrine disorder. 
The height, weight, and general development were normal. 


Fic. 1.—A case of fibrous dysplasia of the left orbital bones in a 
female aged 32, showing proptosis, and frontal, malar, and maxil- 
lary eminence. 


Prominence of the frontal, malar, and maxillary bones on the left side gave an appear- 
ance of facial asymmetry. j 

The right eye was normal, with visual acuity 6/9 and normal fundus and field of vision. 

The left eye showed oedema of the eyelids, a forward proptosis of 25 mm. (right 
16 mm.), and slight limitation of the ocular movements in all directions. The left fundus 
showed post-papilloedemic optic atrophy. The visual acuity was hand movements. No 


orbital tumour was palpable. 

The blood count, calcium, phosphorus, and plasma phosphates were normal. The 
Wassermann reaction and tuberculin tests were negative. 

A postero-anterior X ray of the skull (Fig. 2) showed the characteristic radiographic 
appearances of fibrous dysplasia in the left orbital bones. There was definite thickening 
and expansion of the bones, areas of increased density being interspersed with porotic 
areas involving the lower parts of the frontal bone including the roof of the orbit, the 
greater wing of the sphenoid, malar, and upper part of the maxilla. The lesser wing of 
the sphenoid also showed expansion, thickening, and haziness of its upper border, and 
encroachment upon the superior orbital fissure. 


Fic. 2.—Postero-anterior x- 
ray view of skull, showing 
expansion and __ irregular 
thickening of lesser and 
greater wings of the sphen- 
oid, the lower part of the 
frontal and malar, and the 
upper part of the maxillary 
bones in the left orbit. 
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Oblique x-ray views showed a slight narrowing of the left optic canal. Lateral x rays 
of the skull showed thickening and expansion of the roof of the orbit extending back- 
wards to but not involving the pituitary fossa. X rays of other parts of the skeleton 
showed no abnormality. 

Orbital exploration did not reveal the presence of an orbital tumour. 

A small portion of the surface of the affected malar bone was submitted for histopatho- 
logical examination, and the normal bone structure was found to have been replaced by 
delicate fibrous tissue (Fig. 3) characteristic for fibrous dysplasia of bone. 


Fic. 3.—Cellular fibrous tissue replacing the ‘bone, in a case of fibrous 
dysplasia of the orbital bones. x 120. 


Discussion 


The cases of fibrous dysplasia affecting the orbital bones which have been 
reported in the literature can be classified into four groups: 


(1) Cases with external signs of unilateral disease of the orbital bones without 
involvement of other bones. Chartres (1953) reported a case in which the 
left orbit was affected in a woman aged 21. Hobbs (1955) described a case 
in a girl aged 12 and one in a man aged 43. Matson (1958) described a 
case of unilateral progressive proptosis of 34 years’ duration with papill- 
oedema in a 12-year-old boy, which was caused by fibrous dysplasia of the 
orbital bones; transfrontal decompression of the orbit and optic canal 
brought about a subsidence of papilloedema and improvement of visual 
acuity. 

(2) Cases with external signs of unilateral disease of the orbital bones with 
involvement of other bones. Webb (1948) described a case of polyostotic 
fibrous dysplasia affecting the left frontal bone with displacement down- 
wards of the orbit and involvement of the humerus, ulna, and femur. 

(3) Cases without external signs of disease of the orbital bones but presenting 


with optic atrophy caused by the involvement of the optic canals. Wey- 
gand, Craig, and Rucker (1952) reported an interesting case of a boy aged 
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12, with no external signs, but optic atrophy of the right eye; X-ray exa:ai- 
nation showed a tumour arising anterior to the sella turcica, and cranioto:ny 
showed a large tumour of the body of the sphenoid bone extending into ‘he 
roofs of the optic canals compressing the chiasma. Histopatholog:cal 
examination of the excised tumour showed the typical changes of fibrous 
dysplasia of bone. 

(4) Cases with Albright’s syndrome. Falconer and Cope (1942) described a 
boy aged 11 with optic atrophy of the left eye, who showed fibrous dysplasia 
of the left orbital bones and both femora. A second patient had bilateral 
optic atrophy due to fibrous dysplasia of the skull, marked at the base, 
which caused a bony swelling anterior to the sella turcica and affected the 


chiasma. 


Summary 


The few cases of fibrous dysplasia of the orbital bones reported in the 
literature may be classified into four groups: 
(1) External signs of unilateral bony orbital disease without involvement of 


other bones. 

(2) External signs of unilateral bony orbital disease with involvement of other 
bones. 

(3) No external signs of bony orbital disease but optic atrophy. 

(4) Albright’s syndrome. 


The case here reported belongs to the first group, presenting the com- 


moner manifestations of skull involvement: unilateral involvement of the 
orbital bones with proptosis and optic atrophy, confirmed by x ray of the 
skull, and histopathological examination of the affected bone. 

This is the first case of fibrous dysplasia of the orbital bones to be re- 


ported from Egypt. 
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NON-CENTRAL FIXATION IN SQUINTING CHILDREN* 


BY 
JOHN SCULLY 
Manchester Royal Eye Hospital and Salford Ophthalmic Clinic 


ACCORDING to Ciippers (1958), about 2 per cent. of the population of 
Germany, France, and Switzerland suffer from unilateral amblyopia; the 
proportion in Great Britain is likely to be very similar. Though amblyopia 
resulting from ocular deviation may arise where the fixation is central, the 
great importance of eccentric fixation in relation to amblyopia is now 
generally recognized and considerable attention is being given to its diagnosis 
and treatment. On the continent the treatment of the amblyopia of 
strabismus is predominantly by pleoptic methods, and where orthoptic 
methods are practised they are often regarded as an adjunct to pleoptics 
(Gale, 1957). It is perhaps reasonable to regard this pre-occupation with 
the treatment of non-central fixation by the continental authorities as a sequel 
to their long-standing approach to the problem of squint. This approach has 
been noticeably different from the practice in Great Britain (Ciippers, 1958), 
where for 25 to 30 years the correction of refractive errors, occlusion, 
orthoptic supervision, and operation in young children have been widely 
established. The treatment of the amblyopia of squint at a later age by 
pleoptics is very time-consuming and economically expensive, and it is 
obviously of importance to study the changes which occur in the fixation of 
younger squinting childreu, the factors which affect it, and its response to 
treatment, so that the management and treatment of non-central fixation in 
young children can be put on a firm basis. The continental experience in 
this field is not necessarily relevant to this country, where, in general, 
children with squint are seen and treated at an early age. 

The incidence of non-central fixation and its relationship to other factors 
in squinting children attending for the first time the Out-patient Department 
of the Manchester Royal Eye Hospital has been discussed elsewhere (Scully 
and Naylor, 1961). The overall incidence of non-central fixation was found 
to be 22-4 per cent. in 304 new patients with unilateral convergent squint. 
This percentage was found to increase progressively with an increase in the 
interval between the onset of the squint and attendance for examination. 
There was found to be a higher incidence in those patients having aniso- 
metropia of more than one dioptre, and a lower incidence in those having 
a later age at onset. 

The purpose of the present investigation is to extend these findings by 
comparing them with the incidence of non-central fixation in new patients 
attending a school clinic in the same area; to compare the incidence in new 





* Received for publication February 1, 1961. 





742 JOHN SCULLY 


patients at the same clinic with that in patients who have had conventiozal 
therapy for their strabismus over a period of years, to find out whetiier 
there was any evidence of the response of non-central fixation to such therapy 
(including occlusion, orthoptic supervision, and in some cases operation, 
but no pleoptic treatment); and to analyse in more detail the exact type of 
non-central fixation found in the patients attending both the Hospital and 


the School Ophthalmic Clinic. 


Material 


The additional patients described in this paper are those seen at the Salford 
Ophthalmic Clinic in the 24 years from April, 1958, to August, 1960. Patients 
were considered to be “‘new”’ cases only if they had never attended any Ophthalmic 
Clinic previously; if they had done so, even if this was their first attendance at the 
Salford Clinic, they were considered to be “old” patients. A total of 220 “new” 
patients and 1,235 “‘old”’ patients were examined during this period. 


Method 


The method was essentially the same as that previously described (Scully and 
Naylor, 1961), except that the family history and the parents’ opinion regarding 
any possible cause were not routinely recorded. The sex, type of squint, age at 
test, age at onset of squint, refraction under mydriasis, and (in the case of “old” 
patients) the interval between onset and first attendance at the clinic, were all noted. 

The fixation was assessed by means of the visuscope, and if it was not firmly 
central it was recorded in the five following categories (see Fig. 1), which correspond 
closely to those described by Graham (1961): 


(1) Unsteady Central Fixation.—In this category the visuscope star hovers over 
the foveola and the peri-foveolar area but is not steadily fixed on the foveola. 


RIGHT EYE LEFT EYE 


ECCENTRIC 


PARACENTRAL 
PARAFOVEOLAR 


Fic. 1.—Diagrammatic representation of the fundi seen with the visuscope. Right eye: central 
fixation. Left eye: (1) parafoveolar, (2) paracentral, (3) eccentric fixation. 


CENTRAL 
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(2) Parafoveolar Fixation—The star is fixed steadily but rests slightly to one 
side of the foveola. In young children this may be difficult to distinguish from 
paracentral fixation, and in the analysis this category has been included with 
paracentral fixation. 

(3) Paracentral Fixation—The star is fixed steadily but rests a little further to 
one side (at the edge of the granular, avascular area, which is regarded 
ophthalmoscopically as the macula). 

(4) Eccentric Fixation—The star is fixed steadily beyond the paracentral area, 
usually at a point between this and the disc, but it may even rest on the disc itself 
or to the nasal side of it. 

(5) Wandering Fixation —There is no steady fixation; the star wanders in an 
irregular fashion over the area between the foveola and the disc but is not located 
in one spot. 

No patient was included in the series unless the fixation in the non-squinting 
eye was firmly central; children whose co-operation was poor were thereby rejected. 


Results 


(a) New Patients, Salford Clinic—Of the 220 new patients, seventeen had 
an alternating squint and nine a divergent squint, and in all these the fixation 
was central. There remained 194 patients with unilateral convergent 
squint; of these 49 had non-central fixation (8 unsteady central, 18 para- 
central, 17 eccentric, and 6 wandering). The overall incidence of 25-3 per 
cent. non-central fixation is slightly higher than that in the new patients 
attending the Manchester Royal Eye Hospital where the percentage was 
22-4 per cent. 

The relationship between the incidence of non-central fixation and the 
sex and eye affected is shown in Table I. There was a preponderance of 
males in this series, but the incidence of non-central fixation was not 
significantly related to sex. The incidence was much higher in left-sided 
squint. 

TABLE I 
INCIDENCE OF NON-CENTRAL FIXATION, BY SEX AND EYE AFFECTED 
Salford new patients 





Sex Eye Affected 


Fixation 





Female Right Left 
Central 53 85 60 
22 13 36 











Non-Central | 
| Per cent. 29 13 38 


75 | 98 96 
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The relationship between non-central fixation and age at examination is 
shown in Table II; the age of the patients is slightly higher than in ‘he 
Manchester series, but there is again no significant relationship with ‘he 
incidence of non-central fixation. 


TABLE Ii 


INCIDENCE OF NON-CENTRAL FIXATION, BY AGE AT FIRST EXAMINATION 
Salford new patients 





Age at Examination (yrs) 





Fixation 


aR 





11 


[2 | 
[i 
bts 
= 
24 





No. 





Non-Central 


45 6 


a 


ll 


9 





20 


| 
[1 
Central { 8 
Mis 
) 
Total | 





The relationships between non-central fixation and the age at onset of 
squint and the interval between onset and examination are shown in Table 


Ill and in Table IV (opposite). As in the Manchester series, there was a 
marked tendency for non-central fixation to be less common in children with 
a later age at onset, from 3 years of age upwards, and in those in whom the 
interval between onset and examination was less than one year, especially if 


it was less than 6 months. 
In assessing the influence of anisometropia, the meridian with the greatest 


refractive error in each eye was used for the purpose of deciding the degree 


TABLE Iii 


INCIDENCE OF NON-CENTRAL FIXATION, BY AGE AT ONSET OF SQUINT 
Salford new patients 





Age at Onset (yrs) 





Fixation 





Central 








Non-Central 


| Per cent. 





Total 
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TABLE Iv 
INCIDENCE OF NON-CENTRAL FIXATION, BY INTERVAL BETWEEN 
ONSET OF SQUINT AND FIRST EXAMINATION 
Salford new patients 





| Interval between Onset and Examination 





Fixation 
2-5 h 
mths | mths 6-11 mths 





Central 1 | 2 21 
| No. 2 { 12 | 
| | 


16 | 22 





Non-Central 





Per cent. 11 





Total 18 74 27 
i 





of anisometropia. One dioptre or less of anisometropia was considered as 


low and more than one dioptre as high, this division having been found 
(Stevens, 1960) to correspond best with the incidence of amblyopia. It will 
be seen (Table V) that a high degree of anisometropia is associated with a 
high incidence of non-central fixation. 


TABLE Y 


INCIDENCE OF NON-CENTRAL FIXATION, BY DEGREE OF ANISOMETROPIA 
Salford new patients 





Anisometropia (D) 
Fixation 





Over 1 \ 
} 
fe same? | 
Non-Central he 18 
Per cent, 45 

| 


i ene ee 


In the Manchester series these three significant factors were shown to have 
an independent effect on the percentage of non-central fixation. The 
Telationship in the present series between the interval before examination 
and the age at onset in the 175 patients in whom both these factors were 
known is shown in Fig. 2 (overleaf); at all ages an increasing interval before 
examination produces an increase in the incidence of non-central fixation. 
Similarly, there is a tendency for a later age at onset to be associated with a 
lower incidence of non-central fixation in all the interval groups, though this 
is not uniformly shown, possibly because of the small numbers in some 
groups, 

The relationship between anisometropia and interval before examination 


Not Known 











| 
Central 
| 
| 
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12 











% 
’ 


AGE at ONset (vrs) 





o- 2 AND OVER 


INTERVAL (vas) 
Fic. 2.—Incidence of non-central fixation 


according to interval before attendance and age 
at onset of squint, Salford new patients. 


87 13 23 














ANISOMETROPIA 
CoroPTRes) 


o- 2 AND OVER 


INTERVAL [yYRS) 


Fic. 3.—Incidence of non-central fixation 
according to interval before attendance and 


degree of anisometropia, Salford new patients. 


in the 158 patients in whom bcth 
these factors were known is shown in 
Fig. 3; both factors are obviously of 
importance and the group having a 
high degree of anisometropia and the 
longest interval shows the greatest 
incidence of non-central fixation. 

The relationship between the 
degree of anisometropia and the age 
at onset is shown in Fig. 4; it is again 
seen that both these factors appear to 
be independent. 

The somewhat surprising tendency 
for left-sided squint to be associated 
with a high incidence of non-central 
fixation can be partly explained as the 
result of a chance association with a 
long interval between age at onset and 
examination, and with a high degree 
of anisometropia, It so happened 
that only 40 per cent. of the patients 
with left-sided squint attended in Jess 
than 6 months compared with 60 per 
cent. of the patients with right-sided 





ANISOMETROPIA 
(IOP Tres) 


o- 2- 4 AND OVER 


AGE aT ONSET (vrs) 


Fic. 4.—Incidence of non-central fixation 
according to age at onset of squint and degree 


of anisometropia, Salford new patients. 


In these and the following figures, the total number of patients concerned is shown above each section and the 
black area represents the percentage incidence. 
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squint, and that 31 per cent. had a high degree of anisometropia compared 
with only 16 per cent. If, however, the effect of these factors is eliminated as 
far as possible by considering only patients with a low degree of anisometropia 
and an interval before examination of less than 6 months, there still remains 
the greater proportion of non-central fixation in left-sided (29 per cent.) 
than in right-sided squint (9 per cent.). This association was not present 
in the Manchester series, in which the incidence of non-central fixation was 
actually greater in the right eye and is probably a chance finding, 

In the Manchester series a chance association was found between a high 
incidence of non-central fixation and a low refractive error; there was little 
suggestion of such an association in the present series so that the incidence 
of non-central fixation did not appear to be particularly related to the 


presence or absence of accommodative effort. 


The finding in this series, therefore, confirm in general those in the 
Manchester series. 


(b) New Patients, Manchester and Salford Clinics —The independence of 
the three main factors, namely, interval between onset and examination, age 
at onset, and high anisometropia, is perhaps best shown when the two 
series are combined as in Figs 5, 6, and 7 (overleaf), which are analogous 
io Figs 2, 3, and 4, In this combined series there was no significant associa- 
tion with right or left eye. 


(c) Old Patients, Salford Clinic—Of the 1,235 old patients, 52 had alter- 


nating Convergent squint and 24 had divergent squint. There remain 1,159 
patients with unilateral convergent squint, in 176 (15-2 per cent.) of whom 
non-central fixation was found; of these, 6 had unsteady central, 84 para- 
central, 81 eccentric, and 5 wandering fixation. 

The incidence of non-central fixation was much lower than in the series of 
new patients attending at either Salford (25-3 per cent.) or Manchester 
(22:4 per cent.) and it is therefore necessary to see if this can be explained 
by a difference in the type of squint in old and new cases. 

As a full analysis of the old patients would have been a very laborious 
proceeding, random samples of patients with both central and non-central 
fixation were taken to give a series comparable in size to the series of new 


Salford patients, those whose age at onset was unknown being excluded. 
This sample then contained 244 patients, 37 of whom had non-central 


fixation. 

The relationship between fixation and age at onset, interval between onset 
and first attendance, and degree of anisometropia are shown in Tables VI, 
VII, and VIII (overleaf). If these are compared with the corresponding Tables 
Ifl, [V, and V for the Salford new cases, it will be seen, in the first place, that 
the age at onset in the old patients is lower than in the new, 50 per cent. of 
the old patients having an onset before 3 years of age compared with only 
29 per cent. of the new patients. Since an early onset is associated with 
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32 








AGE aT ONSET [yrs] 
LS) 
' 





o- 2 AND OVER 
INTERVAL [yrs] 


Fic. 5.—Incidence of non-central fixation 


according to interval before attendance and age 
at onset of squint, Manchester and Salford 
new patients combined. 

267 47 56 








ANISOMETROPIA 
(o1opTRES) 


o- 2 AND OVER 
INTERVAL (YRS) 


Fic. 6.—Incidence of non-central fixation 
according to interval before attendance and 
degree of anisometropia, Manchester and 
Salford new patients combined. 


a high incidence of non-central fixa- 
tion, this difference would tend to 
produce a high incidence in the old 
patients, and cannot, therefore, be 
responsible for the fall which was 
found. On the other hand, 63 per 
cent. of the old patients attended for 
treatment within 6 months of the 
onset of the squint, compared with 47 
per cent. of the new patients; this 
might well be a factor in the reduction 
of the incidence of non-central fixa- 
tion. The proportion of high aniso- 
metropia was lower in the old Salford 
patients (17 per cent.) than in the new 
Salford patients (23 per cent.), but 
very little lower than in the Man- 
chester patients (19 per cent.), so that 
this factor appears to be of little 
significance in this context. 

The association of a low incidence 
of non-central fixation with a high 
age at onset (Table VI, opposite), a 
short interval between onset and 



































ANISOMETROPIA 
(DIOPTRES) 


o- 2- 4 AND OVER 


AGE AT ONSET [yrs} 


Fic. 7.—Incidence of non-central fixation 
according to age at onset of squint and 
degree of anisometropia, Manchester and 
Salford new patients combined. 
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examination (Table VII), and a low degree of anisometropia (Table VIII) is 
again clearly shown. 


TABLE VI 
INCIDENCE OF NON-CENTRAL FIXATION, BY AGE AT ONSET OF SQUINT 
Salford old patients, sample series 





Age at Onset (yrs) 
Fixation 





4 





Central 37 





No. 4 





Non-Central 





Per cent. 10 





Total 41 
































TABLE VII 


INCIDENCE OF NON-CENTRAL FIXATION, BY INTERVAL BETWEEN 
ONSET OF SQUINT AND FIRST EXAMINATION 


Salford old patients, sample series 





Interval between Onset and First Examination 
Fixation 





3 yrs and 


0-1 mths | 2-5 mths | 6-11 mths | 1 yr | 2 yrs Over 





Central 27 40 22 8 2 
No. 2 5 5 3 6 
Per cent. 7 11 19 27 75 





Non-Central 











Total 29 45 27 11 8 


























TABLE VIII 


INCIDENCE OF NON-CENTRAL FIXATION, BY DEGREE OF 
ANISOMETROPIA 


Salford old patients, sample series 





Anisometropia (D) 
Fixation 





0-1 Over 1 





Central 25 








No. 16 
Non-Central 








Per cent. 39 


cation 
- and 








Total 41 
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TABLE IX 


VISUSCOPE EXAMINATION 
Salford old patients, sample series 


INCIDENCE OF NON-CENTRAL FIXATION, BY AGE AT 


There was no clear relationship between the incidence of non-ceniral 
fixation and the age at which the visuscopic examination was carried out 
(Table IX), and there was no association between the incidence of non-ceniral 
fixation ard the sex or the eye affected. 






































































Age at Visuscope Examination (yrs) 
Fixation Total 
Fone OR Rr ei SP Wer gee We Ue Acmay 
Central 7 9} 21} 18 | 19 | 22 | 26] 23 62 207 
No. 3 4; 4)};—| 4] 1) 3 3 15 37 
Non-Central 
Per cent. 30 31 | 16}; —|17| 4]10! 12 19 15-2 
Total 10 13 | 25 | 18 | 23 | 23 | 29| 26 77 244 












TABLE X 


(d) Type of Non-central Fixation, Manchester and Salford Patients.— 
Amongst the new patients attending at Manchester and Salford were 117 
with non-central fixation (21 unsteady, 27 paracentral, 52 eccentric, and 
17 wandering). The relationship between the type of fixation and the age 
at which the patient was first seen and examined with the visuscope is shown 
for both new and old patients in Table X. 


TYPES OF NON-CENTRAL FIXATION, BY AGE AT VISUSCOPE EXAMINATION 
Manchester and Salford new patients and Salford old patients, sample series 


















































































Type of r f Age at Visuscope Examination (yrs) 
Non-Central | 1YPE © Total 
Fixation Patient 
1|/2/;]3)4{]5{|6+)] 7+) 8] 9 | 10} 11 and Over 

Unsteady New 1) O36 31-341 1);—|— — 21 
Central Old —|—!}—] 1}— —}|—}]—|]— — 1 
Paracentral New 1 3 1 ye (eo ce Rama Ad ie 1|— 2 27 
Old —}—!}—/|—|—}—|] 3}/—)} 3] 1 10 17 
Eccentric New 3/13;18} 8); 4; 2} 2;—J—/]— 2 52 
Old 1}/—] 1] 2} 4;—/— —| 2 5 16 
Wandering New 1; 1] 7] 6) 2};—;—}—J—J]— oe 17 
Old —!—/] 1}; 1};—/]—] 1 —|— a 3 
Total New 6 | 23 | 32} 24; 12} 5| 6) 4) 1] — 4 117 
Old 1};—/] 2} 4} 4;/—| 4] 1] 3] 3 15 37 
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New patients who were more than 4 years old at the time of visuscopic 
examination had a strong tendency to have paracentral rather than one of the 
other types of non-central fixation, in that 22 (40 per cent.) of the 56 patients 
with non-central fixation over this age had paracentral fixation, compared 
with only five (8 per cent.) of the 61 who were less than 4 years old. The 
age distribution at the time of examination of the old patients attending at 
Salford is very different, and no useful conclusions can be drawn about 
patients under 4 years of age, but again there is a tendency for the patients 
with paracentral fixation to be older than those with other types of non- 
central fixation, in that ten out of a total of seventeen with paracentral fixa- 
tion were over 11 years of age compared with only five out of the remaining 
twenty. 

The age at onset of the new patients with paracentral fixation (Table XI) 
is again different from that of those with the other types of non-central 
fixation, since nine of the 24 in whom age at onset was known had an onset 
of 4 years or over compared with only 12 of the remaining. This difference 
was not apparent in the old cases. 


TABLE XI 
TYPES OF NON-CENTRAL FIXATION, BY AGE AT ONSET OF SQUINT 
Manchester and Salford new patients and Salford old patients, sample series 


























Type of Age at Onset (yrs) 
Non-Central bie of Total 
Fixation atient 
Lessthanil | 1|2!3j;4]{ 5 6 and Over 

Unsteady New 3 Sak Pele Ba ZS 1 20 
Central Old — —}—/ 1|— 1 
Paracentral New 3 24 CE eT Sk 2 2 24 
Old 2 3/8; 3};—] 1 — 17 
Eccentric New 11 112A 322 1 52 
Old 2 6| 4;—] 3] 1 — 16 
Wandering New 4} 7) 3}-1])— os 16 
Old 1 1};—/] 1};—|— — 3 
Total New 18 20 | 32 | 21| 11) 6 4 112 
Old 5 10} 12)/+4| 4] 2 — 37 
































Correlation of both new and old cases with the interval before first attend- 
ance, and with the degree of anisometropia did not reveal any significant 
finding. 

Discussion 

In general, the study of fixation in children attending the School Clinic 
in Salford as new patients confirms the findings in new patients attending the 
Manchester Royal Eye Hospital; the overall percentages of non-central 
fixation (25-3 and 22-4 per cent.) are comparable and the main significant 
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factors in relation to the incidence of non-central fixation are a long inte: yal 
between age at onset and examination, the presence of anisometropia, anc an 
early age at onset of squint. 

These factors were confirmed amongst the old cases, but the most striking 
factor was the lower percentage (15-2 per cent.) with non-central fixation. 
This could be due to the treatment (which had included prescription of 
glasses, conventional occlusion, orthoptic supervision, and sometimes 
operation) having been effective in eliminating some of the non-central 
fixation. To some extent this is suggested by the change in the pattern of 
non-central fixation, in that there was a marked fall in the numbers of 
patients with unsteady central and wandering fixation. Graham (1961) 
has also shown that these types of non-central fixation will often respond to 
orthodox occlusion; fixed eccentric fixation, when treated in this way, 
however, remains eccentric, or at best becomes paracentral. The increase 
in the relative importance of the latter in the older patients is thus explained. 
Other factors, such as variations between old and new patients in regard 
to interval between onset and examination cannot, however, be entirely 
excluded. 

Though one cannot, therefore, from this survey affirm that early treatment 
on orthodox lines will necessarily produce a significant fall in the incidence 
of non-central fixation, the importance of early treatment can scarcely be 
contested if only because it has been clearly shown in both Hospital and 
Clinic patients that the incidence of non-central fixation is considerably 
lower in those attending early. Even in Great Britain, therefore, a great 
deal remains to be done in persuading parents to bring their children earlier 
for treatment, and in persuading general practitioners, health visitors, and 
even ophthalmic surgeons that the early ascertainment of fixation and early 
vigorous treatment of amblyopia is of the utmost importance. Preliminary 
results (Scully, 1961) suggest, moreover, that such treatment is effective at 
an early stage even in patients in whom eccentric fixation has developed, and 
this also agrees with the experience of Sutcliffe (1958) using vigorous con- 
ventional occlusion. It appears likely that more can be done to decrease 
the ultimate incidence of non-central fixation in the child population by 
treating the patients at a very early stage than by using pleoptic methods 
at a much later stage; and it cannot be doubted that such an approach would 
be more economical for both the hospital and the patients. 

The relationships between the exact type of non-central fixation and the 
patient’s age at examination and at onset, shows in each case that para- 
central fixation appears to behave differently from the other types of non- 
central fixation. This, together with the fact that it requires a different type 
of pleoptic treatment, and is, in general, much more difficult to deal with 
(Graham, 1961), justifies the sub-division of non-central fixation into the 
various types employed in this survey. 
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Summary 


The type of fixation present in 220 new patients and 1,235 old patients 
with squint attending a School Ophthalmic Clinic was assessed. The 
incidence (25:3 per cent.) on non-central fixation in new patients with 
convergent unilateral squint was comparable with that found in a parallel 
series among new hospital out-patients with squint (22-4 per cent.). The 
association of a low incidence of non-central fixation with early attendance 
for treatment, a late age at onset, and low degree of anisometropia, was 
confirmed. 

A lower incidence (15-2 per cent.) of non-central fixation was found among 
the old patients, possibly because of the effect of the conventional treatment 
already given for the squint. The fall in incidence was mainly seen in 
unsteady central and wandering types of fixation. Paracentral fixation was 
commoner in older patients, and possibly among those with a later age at 
onset. 

The importance of persuading patients and doctors of the necessity of 
early treatment for squint, and of early assessment of the type of fixation, 
is stressed. 


I wish to thank the surgeons of the Manchester Royal Eye Hospital for referring their cases to 
me and also Dr. J. L. Burn, Medical Officer of Health, for permission to include the cases from 
Salford. I should like to register my appreciation of help from the staff of the Ophthalmic 
Clinic at Salford: Mrs. Jean Higgin, and Mrs. E. Macdonald, and the orthoptists, Miss Gillian 
Makin and Miss Stella Thompson. In particular, I wish to record with pleasure the frequent 
and expert help from Dr. Alan Stanworth and Dr. E. J. Naylor of the University Department of 
Ophthalmology, Manchester, in the preparation of this paper. 
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FAMILIAL GLAUCOMA* 


BY 


D. G. MACPHERSON 
Hove 
AND 
K. J. MODI 


Sussex Eye Hospital, Brighton, Sussex 


FAMILIAL primary glaucoma is a recognized entity. It has been reported in 


the literature quite regularly, though not frequently. 

Benedict (1842) was the first to recognize the familial inheritance of 
glaucoma, and other authors followed with large collections of such cases. 
Something like 18 per cent. of the total cases of glaucoma show an hereditary 
component (Havener, 1955). 

Duke-Flder (1940) stated that the inheritance was dominant and could be 
transmitted by each sex, the transmitting parent being usually affected. The 
trait being dominant, the succeeding generation shows anticipation (von 
Graefe, 1869). The onset of familial glaucoma occurs some 20 years earlier 
than other primary cases of glaucoma, and the offspring develops glaucoma 
some 10 years earlier than the parent. 

Recently we came across a family of a father and his three sons all suffering 
from primary glaucoma, which typifies the above statement in many details. 


Case Reports 


Case 1, a man aged 19 years (II, 2) came with a complaint of haloes and blurred vision. 
He volunteered that two of his brothers suffered from similar complaints and this his 
father had had his eyes operated on. The visual acuity was normal. The fundi showed 
cupped discs. The peripheral fields showed upper nasal defects in the right eye and the 
central fields showed an upper arcuate scotoma in the right eye. The intra-ocular pressure 


was 40 mm. Hg in each eye at the first examination. 


Case 2, a man aged 21 years (II, 1) complained of occasional haloes, eye ache, and misty 
vision since the age of 16. The discs were cupped. There were defects in peripheral 
fields but the central fields were full. The ocular tension was 40 mm. Hg in the right 


eye and 30 mm. Hg in the left at the first examination. 


Case 3, a man aged 17 years (II, 3) complained of haloes, The visual acuity was normal. 
The discs were not cupped. The peripheral fields showed upper nasal defects and the 
central fields showed an early arcuate scotoma. The ocular tension was 30 mm. Hig in 
each eye at the first examination. 








* Received for publication November 23, 1960. 
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Case 4, a man aged 52 years (I, 1) had bilateral trephines at the age of 34 years. The discs 
were cupped, and the peripheral fields markedly contracted—the left more than the right. 
The trephines were draining and the tension normal. The visual acuity was 6/9 partly 
in the right eye and 6/24 in the left since the operation. 


Gonioscopy on the three brothers showed that the angles were open but covered 
with pigmented trabeculae. There were also short, distended, convoluted blood 
vessels either concentric to the angle or running radially towards the pupil for a 
short distance. Phasing also showed a persistent rise in the intra-ocular pressure 


above the normal. 
Bilateral trephines (D.G.M.) were carried out and the tension was brought 


down satisfactorily in each case. 
ne | 


Summary 


A family showing hereditary glaucoma is reported. The affected father’s 
family background did not reveal any relation with a history of blindness or 
poor sight. 

Short congestive attacks causing haloes is an interesting feature in these 
cases. Pigmented trabeculae and unusual blood vessels in an otherwise 
open angle seem to have had an adverse affect on the draining mechanism. 
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RETINOPATHY DURING CHLOROQUINE THERAPY* 
BY 
W. WILSON 
Glasgow 


ANTIMALARIAL drugs are used in the treatment of lupus erythematosus and 
have been used in the treatment of rheumatoid arthritis following the obser- 


vation by Page (1951) of the beneficial effect on the joint symptoms of two 
patients who were taking mepacrine for chronic lupus erythematosus. 


Mepacrine was found to cause discoloration of the skin and agranulocytosis, 
so that chloroquine is now preferred. This too is not without danger as the 
following case illustrates. 


Case Report 


A saleswoman aged 22 years had been having treatment for light sensitization dermatitis 
over a period of 10 years. From June, 1953, until January, 1959, she had been taking 
“ Avloclor” in doses of 250-750 mg. per day. 

In April, 1956, it was observed that the skin condition resembled lupus erythematosis 
and in September, 1957, she was admitted to a medical ward for investigation because of 
loss of weight, gastric upset, and nervousness. She had also observed that during 
chloroquine therapy her hair, normally light brown in colour, had become very fair and 
varied in colour with the dosage of drug being taken at any particular time. 

In January, 1959, the patient first complained of deterioration of vision which was 


causing her to bump into obstacles and occasionally to fall. She admitted that the vision 
had been failing for 6 months but that she had not told the dermatologist. 


Examination.—The visual acuity in the right eye, with 1D sph., +0-5 D cyl., axis 90°, 
was 6/6 and NS, and in the left eye, with -1D cyl., axis 15°, 6/6 and NS. External 
examination including slit-lamp examination of the cornea showed nothing abnormal, 
At no time were the cornea) epithelial deposits seen as described by Calkins (1958) and 
Zeller and Deering (1958). The ocular tension was normal. 

On fundus examination the choroidal vessels were clearly seen, the retina) arteries were 
straight and narrow, the optic discs were pale, and there was macular oedema. There 
was also irregular mottled pigmentation in both fundi but no aggregation of pigment 
around the retinal vessels (Fig. 1, opposite). 

The yisual fields (Fig. 2, opposite) were restricted to 5 degrees around the fixation 
spot with larger islands of vision mainly below, to a {/330 mm. white target. 

The blood pressure was 120/70, and a blood examination and liver function tests were 


normal. 


Treatment.—It was considered that the chloroquine might be responsible for the visual 
upset, so the drug was stopped and the patient was given a course of Vitamin B therapy. 


Result—Almost immediately the patient put on weight, gaining 5 1b. in the first month 
and a further 5 1b. during the next 4 months, but there was no improvement in the visual 
fields. After her summer holiday in August it was noticed that the condition of her skin 
was worse due to the increased exposure to sunlight. 
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IG. 2.—Visua) fields 1/330 mm. White target. 


She has been observed at regular intervals over the past 2 years and while the skin 


condition has varied in severity there has been no change in the visual acuity or visual 
fields, and the fundal picture is unchanged except that the macular oedema has resolved. 


She was unable to continue work as a saleswoman and is now doing clerical work. 





W. WILSON 
Discussion 

In the treatment of lupus erythematosus and rheumatoid arthritis the dose 
of chloroquine is frequently in excess of that used in malaria and is con- 
tinued over much longer periods. It is, therefore, not surprising that toxic 
effects have been frequently described. 

The most common symptoms have been nausea, vomiting, headache, 
nervousness, and vague blurring of vision (Gramiccia, 1947; Coatney, 
Ruhe, Cooper, Josephson, and Young, 1949; Wilkinson, 1953), and in 
retrospect it is obvious that those were the symptoms which caused this 
patient to be admitted to hospital in 1957. 

Loss of weight was also described by Wilkinson (1953) and bleaching of 
the hair by Christiansen and Brodthagen (1956) and Dall and Keane (1959). 

The fundus picture in this girl resembled that of retinitis pigmentosa with 
atypical pigment distribution, as did the case reported by Hobbs, Sorsby, and 
Freedman (1959). 

Withdrawal of the drug has not been followed by improvement in vision 
over the past 2 years. During this time the skin condition has varied in 
severity, suggesting that the visual upset is not a manifestation of lupus 
erythematosis. 

The long duration of the treatment, over 5 years in this case, followed by 
a relatively sudden onset of symptoms suggests that the retinal effect is due 
to an idiosyncracy occurring in only occasional cases. The ocular damage 
appears to be permanent. 


Summary 


A case of retinopathy developing during prolonged chloroquine treatment 
is described. The visual fields were grossly contracted and the fundus 
appearances resembled those of retinitis pigmentosa. The changes are 
permanent. 


I am indebted to Prof. W. J. B. Riddell for permission to publish this case and for his assistance. 
The case was referred by Dr. Ferguson Smith. The retinal photographs are the work of Mr. 
John Watt and Miss Anne Douglas. 
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CASE NOTES 


DEGENERATIO PUNCTATA ALBESCENS* 


BY 


MAKRAM A. TADROS 
Ophthalmological Department, Family Hospital, Cairo, Egypt 


DEGENERATIO punctata albescens presents one of the most rare and fascinating 
pictures in ophthalmology, the chief characteristic being the powdering of 
the entire fundus by discrete white spots. Between the early description by 
Mooren (1882) and 1939, some fifty cases have been reported in the literature. 
Other suggested names are “retinitis punctata albescens”, ‘“‘retinosis 
punctata albescens”, and “fundus albi-punctatus cum hemeralopia con- 
genita”’ (Duke-Elder, 1940). 

The present case is the first to be recorded in Egypt, and it throws light on 
the debatable relationship of this condition to retinitis pigmentosa (Elwyn, 
1946). The clinical picture is typical with early onset, stationary course, 
and positive family history. 


Case Report 


A male Arab aged 21 years, of dark complexion, complained of non-progressive night 
blindness since early childhood. 


Visual Acuity. 
Right eye 6/12, and 6/6 with —0-25 D sph., —0-25 D cyl., axis 90°. 
Left eye 6/9, and 6/6 with —0-25 D sph. 


Pupillary Reactions.—Sluggish. 


Fundus.—Throughout the whole fundus, both centrally and peripherally, were scattered 
hundreds of sharply-demarcated, dead-white, pigment-free dots. Their shape was mostly 
rounded, sometimes oval, and occasionally in dumb-bell or hour-glass formation. Their 
size was about that of retinal vessels of the first or second degree but sometimes larger up 
to double or triple that size. The distribution was fairly even all over the fundus, starting 
from near the disc with only minimal affection of the macular area. The spots increased 
in size and frequency from the centre towards the periphery, so as to cover almost the 
whole fundus at the periphery. 

The retina in between the dots was always normal. The dots lay deeply in a plane 
behind the retinal vessels. No pigment cells or dots of any shape could be detected 
anywhere else in the fundus. The retinal veins and arteries were normal, and no sheathing 
by pigment could be elicited along the course of veins. The macula was normal apart 
from minimal affection by minute dots at the periphery of the macular area. The foveal 
reflex was normal but not brightly shining. 
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Other Features.—The optic disc, cornea, iris, lens, and vitreous, ocular tension, <nd 
colour vision were all normal. 

No other congenital malformations were found in the eye or elsewhere in the body. 

It is worth mentioning that these dots could be seen by indirect ophthalmoscopy because 
of their large size, especially in the periphery, and that they differed in this respect from 
the other cases described. 


Visual Fields—These showed a slight generalized concentric contraction more marked 
nasally, and this was more marked in a dim light. 


Laboratory Investigations —The Wassermann reaction and Kahn test were both negative. 
The tuberculin test was negative to 1/100 and 1/10000. 

Urine and stools showed nothing abnormal. 

The blood cholesterol was 220 mg., and the icterus index 5 units. 

Septic foci had been associated with bilateral chronic otitis media since early childhood. 


Family History.—This is of outstanding significance. The disease was evidently 
inherited from the mother, who also suffered from night blindness, and the patient’s 
elder brother, aged 22 years, was also affected. There was no consanguinity in this 
marriage. The patient’s father married three wives after the mother’s death. The 2nd 
wife (who was a blood relation) had a boy aged 15 years, the 3rd wife a girl aged 14 years, 
and the 4th wife had a boy aged 8 years and six girls aged 9, 7, 6, 5, 4, and 3 years. All 
these children were unaffected. Further detailed studies of the genetic history of this 
family are being carried out. 


Discussion 


The clinical picture with positive family history, very early onset, and non- 
progressive course establishes the diagnosis of retinitis punctata albescens. 


Congenital syphilis showing “pepper and salt” with pigment spots of various 
shapes and large yellowish areas at the periphery (Wolff, 1959), must be 
considered in the differential diagnosis. In the case described above no 
pigmentation was seen, and the Wassermann reaction was negative (Tadros, 
1955). 

Central guttate choroidal atrophy (Tay’s choroiditis) with minute yellowish- 
white spots in the macular area (Troncoso, 1937) should also be considered, 
but this case showed dead white spots both at the periphery and in the 
centre of the fundus. Diabetic and albuminuric retinopathies can also be 
excluded by such typical appearance. 


Conclusion 


The family history clearly proves the familial incidence and probable 
recessive mode of inheritance. This does not always show in successive 
generations; it was not definitely positive in the mother, but occurred in the 
two brothers (Bishay, 1953). This agrees with Nettleship’s observations 
(Elwyn, 1946): in the first family four children from the first wife were all 
healthy, and in the second family two sisters were affected out of seven 


members. 
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The early onset and non-progressive course, the normal disc and vessels, 
the complete absence of any pigment cells or sheathing of veins, the normal 
central vision and the minimal visual field contraction discount any con- 
nexion with retinitis pigmentosa (Sobhy, 1949). The patient’s dark com- 
plexion supports the observations of Cohen (1916) of the occurrence of 
retinitis punctata in Negroes, and opposes the hypothesis that it is related 
to retinitis pigmentosa. 


My most grateful acknowledgements are due to Prof. Dr. M. A. H. Attiah for his continuous 
inspiration, to Dr. F. M. Fattouh for allowing the photographs to be taken, and to Mr. S. A. 
Mohamed for taking them. 
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RECURRENT VITREOUS HAEMORRHAGE ASSOCIATED 
WITH THROMBOANGIITIS OBLITERANS* 


BY 


A. G. CROSS 
London 


THROMBOANGIITIS obliterans has been considered to be a disease of the blood 
vessels which usually affects the vessels of the limbs. It has been established, 
however, that it can affect any of the blood vessels in the body, including 
those which supply the brain and the retina. This is the report of a case 
which presented with vitreous haemorrhage, and in which the diagnosis of 
thromboangiitis obliterans was not made until other signs became manifest. 


Case Report 


A man aged 34 years attended the Eye Clinic at St. Dunstan’s on June 28, 1954. He stated 
that he had noticed blurring of vision of the right eye in 1949. A short time afterwards 
the left eye was similarly affected and recurrent attacks of blurred vision had occurred 
since that time, causing general and steady progressive deterioration of vision. 


Examination: 

Right Eye: Visual acuity counting fingers at a distance of one ft. Old keratic precipi- 
tates, posterior synechiae, vitreous opacity with appearance of organiza- 
tion. 

Left Eye: Visual acuity 3/60. Old keratic precipitates, posterior synechiae, vitreous 
haze, sheathing of retinal arteries with an appearance of complete 
obstruction in places. 


The diagnosis of perivasculitis retinae was made and he was not accepted as a St. Dunstaner 
in view of the fact that active disease was present and that some degree of visual acuity 
might be regained. He was re-examined in January, 1955, when the condition was 
unchanged and again in September, 1955, when vitreous haemorrhages had reduced 
the vision of both eyes to perception of hand movements. It was then recommended 
that he should be admitted to the Eye Sanatorium at Swanley and he remained there as 
an in-patient from September, 1955, until April, 1956, during which time there was little 
improvement in the condition of his eyes. He was registered on discharge as a blind 
person, the right eye being unable to perceive light and the left seeing only hand move- 
ments. On examination in September, 1957, he could not perceive light with either eye. 

In 1954 he had developed a skin rash.in both legs and this was considered to be a 
manifestation of sarcoidosis which it was thought might also have caused the perivascu- 
litis retinae. Between 1954 and 1958 he suffered occlusion of a number of arteries, large 
and small, in the arms and in the legs, some of these resulting in gangrene of varying 
severity, and thromboangiitis obliterans was diagnosed. Albuminuria was found in 
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1956, and in 1958 he suffered attacks of nausea, anorexia, vomiting, and anaemia, indi- 
cating the onset of uraemia, doubtless due to thrombophlebitis of the renal vessels. He 
died on August 1, 1959, from uraemia, and no post mortem examination was performed. 


Discussion 
This case is reported to illustrate involvement of the retinal and renal 
vessels by the condition of thromboangiitis obliterans; it indicates that this 
diagnosis should always be considered in a patient who presents with 
spontaneous vitreous haemorrhage. Thromboangiitis obliterans, which it 
is said usually affects medium-sized arteries, has been regarded as an inflam- 
matory type of vascular disease. Recent work suggests that this concept 


may be wrong and that it should be regarded as a degenerative disease, akin 
to atherosclerosis but occurring usually in younger patients. 
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ANNULAR PERIPHERAL RETINAL DETACHMENT 
ASSOCIATED WITH VITREOUS CONDENSATION* 


BY 


R. PITTS CRICK Anp J. J. BLAKE 
London 


VERY occasionally, in the course of deep anterior scleral inflammation, an 
irregular peripheral ring of retinal detachment can be seen, presumably 
exudative in origin, which subsides spontaneously after giving rise to 
apprehension and a prolonged search for a non-existent retinal hole. Stallard 
(1954) has reported six patients with annular peripheral retinal detachment, 
in three of whom the condition was bilateral. A definite aetiology could 
not be ascribed to any of the cases. Three recovered after surgical treatment 


and one spontaneously. 
Recently a patient was observed with a similar condition and her case is 


here described as the findings pointed to a definite local cause. 


Case Report 


A married woman aged 67 years first attended the Royal Eye Hospital on April 23, 1958, 
complaining of a fairly sudden onset of blurred vision 3 weeks previously. The visual 


acuity in the right eye was 6/18 (with +0-75 D sph. 6/6) and in the left it was 6/36 (with 
+1:25 D sph. 6/36). 

Examination.—The right eye was normal. 

The left eye showed dense vitreous opacities with a condensation ring where the 
contracted vitreous had become drawn forward from its attachment around the margin 
of the optic disc. A sausage-like ring of retinal detachment could be seen all round the 
periphery, though varying a little in extent. It trans-illuminated easily and did not have 
the appearance of a choroidal detachment. In the course of careful ophthalmoscopic 
search under extreme mydriasis no retinal hole could be found, but this examination 
showed strands of vitreous radiating outwards to the summit of the roll of detachment 
and this was confirmed by slit-lamp microscopy. It would appear that the detachment 
of the retina at its periphery was due to the traction of the shrinking vitreous (Figure, 


opposite). 
Mild anterior uveitis was revealed by the presence of a flare and cells in the anterior 


chamber. The ocular tension was normal. 

The patient had a history of pulmonary tuberculosis discovered after a haemoptysis 
in December, (957, and was under treatment at a chest clinic. General medical investiga- 
tions were carried out in case they pointed to possible foci of sepsis or allergens which 
could be held responsible for the uveitis and for causing biochemical changes in the 
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FIGURE.—Fundus appearance of left eye. 


vitreous. Physical examination revealed only signs of emphysema and some degree of 
hypertension (blood pressure 200/105). A chest x ray showed mottling and linear 
opacities in both upper zones consistent with fibrosis and infiltration. Sinus x rays 
showed a probable fluid level in the left maxillary antrum, which was confirmed by tilting. 
«The Wassermann reaction was negative. The erythrocyte sedimentation rate was 
27 mm. in the first hour. The red blood count was 4,500,000/cu. mm., Hb 92 per cent. 
(Haldane). The white blood count was 11,700; neutrophils 64 per cent, lymphocytes 
32 per cent., monocytes 4 per cent. Serum proteins total 6°8 g./100 ml. (Albumin 


4-3, globulin 2-52 g./100 ml.); albumin/globulin ratio 1-7:1. 

Treatment.—The uveitis was treated locally with hydrocortisone and mydriatics and 
gradually subsided, no cells being visible in the anterior chamber after the first 4 months, 
after which all treatment was discontinued. 


Result.—The vitreous became a little clearer and 16 months from the onset a few leashes 


of new vessel formation appeared on the posterior face of the vitreous condensation and 
the anterior vitreous face had fallen back about 2 mm. behind the posterior surface of 


the lens. The retinal appearance was unchanged. 
There was no change in the condition 2 years after the onset and Mr. H. B. Stallard 


Kindly saw the patient at this time. He considered the condition to be due to mild 
weitis with exudation of inflammatory fiuid. 


Progress.—Now, 3 years after the patient’s first attendance, the visual acuity of the left 
ty€ is 6/60 and there is no change in the ring-like detachment with its attachment to the 


vitreous condensation and still no evidence of active uveitis. 
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It seems reasonable to conclude that the annular elevation of the peripheral 
retina, though partly due to mild inflammatory exudation, was partly caused 


by centripetal traction of the condensed vitreous by which it has subsequeatly 
been maintained. 


Summary 


A case of peripheral annular retinal detachment is described. It is 


concluded that the condition and its persistence was mainly due to centripetal 
traction of the condensed vitreous. 


We wish to thank Mr. H. B. Stallard for kindly seeing the patient and Dr. Mary Holt, Physician 
to the Royal Eye Hospital for advice on the medical condition. 
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BOOK REVIEW 


Glaucoma: Chemistry, Mechanisms, and Therapy. ByS. LERMAN. 1961. Pp. 111,25 figs 
(i col.). Thomas, Springfield, Ti; Blackwell Scientific Publications, Oxford. (52s.). 

This smal] monograph is one of a “Living Chemistry Series’’ edited by I. N. Kugelmass, 
the idea being to make intelligible to the clinician the biochemistry at present growing so 
rapidly in relation to many medical problems. In the preface the Editor takes his super- 
visory mission seriously. ‘‘Our new Series”’, he writes, “‘is charged with the nisus élan of 
chemical wisdom, supreme in choice of international authors, optimal in standards of 
chemical scholarship, provocative in imagination for experimental research, comprehen- 
sive in discussions of scientific medicine, and authoritative in chemical perceptives of 
human disorders’. Whatever that may mean, it sounds well. 

This monograph, written by Sidney Lerman of New York, is good and even to the 
clinician should be quite comprehensible. The discussion on the physico-chemical basis 
of the origin and the nature of the aqueous humour and the dynamics of the intra-ocular 
pressure is comprehensive, simply written, and wise in its judgments, and gives the reader 
abroad outline of present conceptions of this difficult and involved problem in a clear and 
compact manner. The clinical discussion of the pathology and treatment of the various 
types of glaucoma is equally good. It is, of course, brief and therefore necessarily some- 
what didactic rather than discursive. It would be easy to pick quarrels, but they are all 
minor—the importance given to the accumulation of mucopolysaccharides in the 
trabeculae in the aetiology of simple glaucoma, the explanation of the mechanism of the 
action of the carbonic anhydrase inhibitors as they affect the ciliary epithelium, the occur- 
rence of haloes as an early sign in simple glaucoma, the unquestioned acceptance of the 
occurrence of a hypersecretion glaucoma on tonographic evidence, and so on. The 
historical purist might be horrified at the ascription to von Sallman (sic) (1956) of the 
observation that stimulation of the hypothalamus resulted in pupillary dilatation, for the 
phenomenon was minutely described by Karplus and Kreidl in 1909. However that may 
be, the book is excellent and certainly achieves its purpose of conveying the basic chemical 


facts to a clinical reader in an interesting and simple manner. 


NOTES 


INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


A MeetinG of the International Council of Ophthalmology was held in Balliol College, 
Oxford, on July 8, 1961. 

There were present: Duke-Elder (President), Hartmann (Secretary), Streiff (Treasurer), 
Arruga, Lyle, Metanowski, MacDonald, Miller, Palomino Deiia, Paufique, Uyemura, 
Vail, and Weve. The following were also present ex officio: Bietti (President, Interna- 
tional Association for the Prevention of Blindness), Franceschetti (President, International 
Organization against Trachoma), Valdéavellano (President, Pan-American Association of 
Ophthalmology), Francois (Secretary, European Society of Ophthalmology), Coppez 
(President of last Congress), San (President of next Congress), Copper (Secretary for 
Index Ophthalmologicus). 

The following is a summary of the more important matters discussed: 

() Two new members were welcomed to the Council—Valdéavellano (Peru) in his capacity of 
President of the Pan-American Association in place of Payne, and Yail (U.S.A.), who had been 
elected by the Council to replace Espildora Luque (Chile) who had resigned. 
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(2) The gift of a President’s badge to be worn dy the President on official occasions was made 
by Lady Duggan in memory of her husband, Sir J. Duggan, a late member of Council; this was 
accepted with acclamation. 

(3) It was agreed that the sum of 5,000 Swiss francs should be made available to help subsidize 
the expenses for the XIX International Congress in New Delhi of young people who were not in 
private practice and who were making a contribution to the proceedings of the Congress 
(applications to be submitted before November 31, 1961, to the Secretary of the Council, Dr. 


Edward Hartmann, 2 Avenue Ingres, Paris, XVIe). It was also agreed that the sum of 200 U.S,5 
should be given to the International Association for the Prevention of Blindness for the publica- 
tion of the Journal of Social Ophthalmology. 

(4) The Gonin Medal was awarded to Goldmann (Berne), to be presented at the Congress in 
New Delhi in 1962. 

(5) It was announced that applications for accommodation in New Delhi for the XIX Inter- 
national Congress in December, 1962, must be submitted (and paid for) before January 31, 1962. 

(6) A list of the Ophthalmological Societies affiliated to the Federation, together with the name 
of the President and the name and address of the Secretary, will be published in the Acta of the 
XIX Congress, in view of the fact that no Index is to be published at that time. 

(7) An international classification of ocular diseases, prepared by Mme. Schappert-Kimmijser 
with certain Dutch collaborators, was introduced by Francois. Consideration of this report 
was delegated to a sub-committee consisting of Frangois (Chairman), Lyle, Bietti, and Vail, the 
Committee to report to the next meeting of the Council. 

(8) Interim reports were received from the sub-committees engaged on the standardization of 
tonometers, and on the design of a clinical case-card for glaucoma. 

(9) The following ophthalmological societies were admitted into the Federation: the Oxford 
Ophthalmological Congress, the Irish Ophthalmological Society, the Société de Cochabamba 
(Bolivia), and the Ophthalmological Society of the Republic of China (Taiwan); the Ophthalmo- 
logical Society of Yugoslavia was ceadmitted to the Federation. 

(10) The next meeting of the Council will be held in New Delhi on December 2, 1962, at 
3 p.m. in the Vigyan Bhaban (House of Science). 


OBITUARY 


A. E. P. PARKER, 1896-1961 


Mr. A. E. P. Parker, M.B., B.S., F.R.C.S., formerly consultant ophthalmologist to 
the North Riding Infirmary, Middlesbrough, and senior consultant ophthalmic surgeon 
to the Tees-side Hospital Group, died at North Ormesby Hospital, Middlesbrough, after 
a short illness on September 11, 1961. He was 65 years of age. 

He was born in London on March 19, 1896, qualified in 1917, and graduated M.B., 
B.S. (gold medal) in the following year. After holding the posts of house-physician and 
house-surgeon at the Westminster Hospital, he served first as a surgeon-lieutenant in the 
Royal Navy and then as a captain in the Royal Flying Corps Medical Service. On his 
return to civilian life he went into practice in Wisbech, and became chairman of the Isle 
of Ely Division of the B.M.A. in 1927-8. Always interested in ophthalmology, he 
decided to take up that specialty and took the F.R.C.S. in 1932. For some years he 
was county oculist to the Isle of Ely County Council. Moving to Middlesbrough in 
1934, he was appointed to the staff of the North Riding Infirmary and other hospitals 
and. became a well-known medical figure in the area. 
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COMMUNICATIONS 
INTRAVENOUS UREA THERAPY IN GLAUCOMA* 


BY 


S. J. CREWS anp S. I. DAVIDSON 
Birmingham and Midland Eye Hospital 


THE use of intravenous urea as a therapeutic agent is a recent development 
in the medical treatment of glaucoma and this paper reports a clinical evalua- 
tion of the drug in 43 cases. 

The first account of urea being given intravenously would seem to be that 
of Tanner (1852) in a paper on the use of oral urea as a diuretic, where he 
mentioned that “half a drachm” of urea, prepared from urine, had been 
given into the vein of a dog. This resulted in ‘‘an excessive secretion of 
urine, so that the place where the animal was kept was literally flooded in 
an hour or two by the frequency and quantity of his micturition”. The use 
of intravenous urea lay dormant until Hertel (1914) studied the effect on the 
intra-ocular pressure of giving various substances intravenously, including 
sucrose and urea. Duke-Elder (1926) revived interest in this form of therapy 
by showing that hypertonic solutions were effective in reducing the intra- 
ocular pressure whilst isosmotic solutions produced little change. Working 
with animals and using 50 per cent. urea intraperitoneally, Fremont-Smith 
and Forbes (1927) compared the fall in intra-ocular pressure with cerebro- 
spinal fluid pressure and noted that the ocular tension fell less. However, 
the modern development of the use of urea in osmotic therapy in acute 
glaucoma stems from the work of Javid and his collaborators (Javid and 
Settlage, 1956; Javid, Settlage, and Monfore, 1957; Javid, 1958; Javid and 
Anderson, 1959) who established the safe combination of 30 per cent. 
lyophilized urea in 10 per cent. invert sugar and actually used this agent in a 
few cases of glaucoma. Advantage of this work was taken by Galin, 
Aizawa, and McLean (1959, 1960), who published the first account of the 
clinical use of this drug in acute glaucoma. 


Methods and Selection of Cases 


Over a 9-month period, cases of acute closed-angle glaucoma with a tension 
greater than 50 mm. Hg were treated as a primary measure with intravenous urea. 
In six cases, after a combination of miotics and intramuscular Diamox had failed, 
urea was also given. The arbitrary figure of 50 mm. Hg was chosen, as it was felt 
that eyes with lower tensions responded to miotics and Diamox, and that higher ten- 
sions would be a more exacting test for the intravenous urea. The selection of cases 
of acute closed-angle glaucoma was further restricted by rejecting any patients in 
whom the pupil was mobile and reacting to light since they were likely to respond to 
miotics. In the cases treated primarily with intravenous urea, no sedatives or 





* Received for publication May 3, 1961. 
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analgesics were prescribed. Other cases (Table I) in which the intra-oci.lar 
pressure was sufficiently raised were also treated, provided that the indications v. ere 
such that intravenous urea therapy would be advantageous. 

Apart from the usual history of ocular symptoms inquiry was made as to liver 
or renal disease and, particularly in males, to any difficulty with micturition. 

The type of glaucoma was classified and a special note was made of the dezree 
of corneal oedema, the ease with which the anterior and posterior segments could 
be examined, and the pupil size. A general examination was made and, in patients 
where prostatic hypertrophy was suspected, a rectal examination was performed. 
The urine was tested for the presence of albumin and the blood urea was estimated, 
an upper level of normal being taken as 45 mg. per cent. A fluid balance chart 
was recorded for 24 hrs. 

Intravenous urea was administered using the commercial preparation ‘‘ Urevert” 
(Baxter Laboratories Ltd.), which has the advantage of providing both the 10 per 
cent. invert sugar for mixing with lyophilized urea and a disposable polythene 
giving-set. The dose was | g./kg. body weight and the infusion was given over a 
period of approximately 30 min. at a rate of 60 drops per minute into a forearm 
vein. Care was taken to ensure the needle was in the lumen of the vein to prevent 
extravasation of urea, and note was taken of any symptoms or untoward effects 
occurring during the infusion. 

Tensions were taken by the same person at regular intervals during and after 
the infusion, and subjective improvement in pain and vision was recorded. The 
occurrence of corneal clearing followed by slit-lamp examination of the anterior 
segment (including pupil size, iris atrophy, and lens changes) was noted; gonio- 
scopy was performed where possible, usually shortly after the infusion; and the 
discs and retinal vascular state were assessed. 

When a normal tension had been achieved by intravenous urea alone, it was 
maintained at this level by miotics. In those cases where subsequently the tension 
rose above 35 mm. Hg, intramuscular Diamox was given. 

The subsequent course was left to the individual surgeon concerned. 


Results 
Table I shows the analysis of eyes treated. The subdivision of the cases 
of acute glaucoma is that used in the glaucoma clinic of the Birmingham 
and Midland Eye Hospital (Martin Walker, 1960). 


TABLE I 
ANALYSIS OF EYES TREATED 





Total Number of Eyes (43 cases) 


wa 
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N 


—RUORANNS NA 


Acute closed-angle glaucoma 
Acute open-angle glaucoma 
Compound glaucoma 
Mydriatic-induced glaucoma 
Malignant glaucoma 
Absolute glaucoma 

: intumescent cataract 
Lens induced { re tetic glaucoma 
Dislocated lens 
Haemorrhagic glaucoma 
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Acute Closed-angle Glaucoma.—The results of therapy in 26 eyes are 
illustrated in Fig. 1. It will be apparent that the overall response is very 
satisfactory, a significant reduction in intra-ocular pressure being achieved 
by the end of infusion, and that a rapid fall was maintained for the next half 
hour. (The initial sharp drop in tension was accomplished by intravenous 
urea alone and in the cases where miotic therapy was used this was not 
commenced till at least half an hour after the end of the infusion.) As can 
be seen from Table II, 84-6 per cent. responded to intravenous urea alone, 
7:7 per cent. to intravenous urea followed by miotics, and 7-7 per cent. to 
urea followed by the combination of Diamox and miotics. 


INFUSION 
ee Fic. 1.—Acute closed-angle glaucoma. 

In this and the following figures the points on the graph represent 
= mean tension, and the vertical line + twice the standard error of 
the mean. 
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TABLE II 
RESPONSE IN 26 EYES WITH ACUTE CLOSED-ANGLE GLAUCOMA 





Normal Tension Achieved 
Therapy 





Number Per cent. 





Intravenous urea 22 84-6 
Intravenous urea followed by miotics 2 77 
Intravenous urea followed by miotics and Diamox 2 17 
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Six eyes are included in which Diamox and miotics had failed to redi:ce 
the tension, but treatment with intravenous urea was successful (Fig. 2). 


INFUSION 
aes 


100) 
Fic. 2.—Diamox and miotics before infusion. 
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In the majority of eyes the cornea had cleared sufficiently by the end of 
the infusion to allow more accurate examination of the anterior segment, 
gonioscopy (where there was doubt as to the exact state of the angle), and 
inspection of the ocular media and fundus. It was noted that, though in 
some cases the central part of the cornea showed a cloudy appearance, often 
associated with folds in Descemet’s membrane, the periphery had cleared 
sufficiently to allow gonioscopy. 

In four cases the pupil began reacting normally to light during the intra- 
venous urea infusion. In those eyes with irregular fixed pupils, the region 
of maximum dilatation was often related to an area of localized iris atrophy, 
and in these eyes the pupils did not subsequently contract on miotic therapy. 
Two of the latter cases showed anterior lens opacities which conformed to 
the picture of cataracta disseminata subepithelialis glaucomatosa acuta 
described by Vogt (1930, 1931) and further elaborated by Jones (1959). 

The anterior chamber was visible in the majority of cases on completion 
of the infusion and, apart from a flare and circulating cells often being noted, 
there was found in one case, on the anterior lens capsule and on an exactly 
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corresponding area on the corneal endothelium, a deposit similar to that 
found in exfoliation of the lens capsule. This material subsequently dis- 
appeared and when the eye was further examined after iridencleisis, there 
was no evidence of true or pseudo-exfoliation. The fellow eye was normal 
at all times. 


Out of a total number of 43 cases, in which 26 eyes with acute closed-angle 
glaucoma were treated, four were resistant to intravenous urea therapy. 
Poor response was considered to have occurred in those cases in which normal 
tension was not achieved one hour after the infusion was completed. 


Case 1, a female aged 69 years, with a 2-day history of pain in the right eye, presented 
with an initial tension greater than 90 mm. Hg. The urea was given over a period of 
55 minutes producing a drop in tension to 49-9 mm. Hg, and remained unchanged for 
the following half hour. Intensive eserine was then commenced and this reduced the 
tension to 17-3 mm. Hg one and a half hours later. 

It would seem reasonable to assume that the prolonged duration of infusion moderated 
the osmotic effect of the urea. However, it should be noted that there was almost a 
50 per cent. fall in the tension before miotics were started. 


Case 2, a male aged 54 years, with a one-day history of haloes and pain in the left eye, 
declined admission on first attending the Out-patient Department, but reappeared 2 weeks 
later (having been married in the interim) with severe pain in the same eye. On the day 
of admission he had consumed ‘6 pints of brown ale and a drop of rum”. An initial 
tension of 70:7 mm. Hg reduced only to 61 mm. Hg after intravenous urea, and fell to 
40 mm. Hg after one hour. Thereupon miotics were commenced and produced a gradual 
fall to 27-4 mm. Hg. It may be that this patient’s intake of alcohol before the infusion 
had modified the response. 


Case 3, a female aged 62 years, had a one-day history of pain in the left eye, the fellow 
eye being blind with absolute glaucoma. The initial tension in the left eye was 80 mm. Hg, 
and urea was given over a period of 45 minutes, by which time the tension had fallen to 
49:9 mm. Hg. Intensive eserine was then commenced and reduced the tension only to 
42-9 mm. Hg in 24 hours. The combination of Diamox and miotics resulted in a slow 
fall to 27-4 mm. Hg in 7 hours and to 17-3 mm. Hgin 11 hours. The slow rate of infusion 
could have modified the effective fall in tension, but Diamox and miotics were only able 
to produce a further reduction over 7 hours. 


Case 4, a male aged 66 years, complained of pain in the right eye of 12 hours’ duration. 
Intravenous urea administered over 25 minutes had caused no reduction in an initial 
tension of 81:7 mm. Hg + by the end of the infusion, but the tension fell over the subse- 
quent hour to 53-4 mm. Hg. Intensive eserine failed to reduce the tension over the next 
2 hours but when Diamox was given the tension fell to 12-4 mm. Hg in a further 3 hours. 
The reason for this failure is obscure. 


Hill, Whitney, and Trotter (1961) also reported three refractory cases. 


Lens-induced Glaucoma.—The phacolytic group all showed a very satis- 
factory response within half an hour of the end of the infusion, whereas the 
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intumescent cataracts showed a god 
INFUSION . +s 
oremnrene response in two cases, fair in one (n- 
loo fusion over 3 hour), and poor in cne 
(infusion over 1 hour) (Fig. 3). The 
poor response may be related to the 
duration of the infusion. Extraction of 
the lens was performed in all cases soon 
after the infusion and thus by the pro- 
vision of a clearer cornea facilitated 
surgical manoeuvres as well as obviat- 
ing the dangers of operating on a hard 
eye. No particular operative hazards 
(such as haemorrhage) or post-operative 
complications occurred. 


Other Cases.—Four cases of absolute 
glaucoma (three chronic closed-angle, 
one thrombotic) showed a fall of 
approximately 50 per cent. in the intra- 
ocular pressure, resulting in consider- 

i able clearing of the cornea in one case, 
“ ' allowing gonioscopy and full examina- 
TIME (hes) tion of the fundus which revealed evi- 
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Fic. 3.—Lens-induced glaucoma. dence of old venous occlusion, cupping 
of the disc, and macular degeneration. 


The response in the remainder of the cases treated is indicated in Table III. 


TABLE Ill 
RESPONSE OF MISCELLANEOUS GROUP OF CASES 





Response (percentage reduction in 
Type of Glaucoma No. of Eyes tension) 





55 and 79 


Acute open-angle wee 
71 after miotics 


Compound 
Mydriatic-induced 55 and 25 
Malignant 55 and 61 
Dislocated lens = 


Haemorrhagic 








Complications 


The complications of intravenous urea therapy can be divided into immediate 
and late. The immediate side-effects occurred commonly during the infusion and 
were disturbing to the patients but caused no lasting harm. They consisted of 
frontal and occipital headache, which was associated with a curious shock-like 
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state in which the patient’s skin had a cyanotic pallor and showed beads of sweat. 
This was often accompanied by nausea and vomiting. The severity of the head- 
ache was directly related to the speed of the infusion. These symptoms lasted about 
15 to 20 minutes and were probably due to the osmotic effect of the urea as the 
intracellular fluid was being mobilized. The headache and vomiting have been 
noted by other observers (Stubbs and Pennybacker, 1960), but the pallor has not 
been described previously. 

We observed eight cases (18-6 per cent.) of phlebitis localized to the site of the 
infusion. This was not associated with extravasation which at all times was care- 
fully watched for in view of the report of Small (1960) in which sloughing 
necessitated skin grafting. (A similar case has recently been observed by Davis, 
Duehr, and Javid, 1961). The phlebitis was localized to superficial veins at the 
site of infusion and resolved in about 2 weeks, but in one case the phlebitis extended 
from a forearm vein to involve all the superficial veins proximal to it in the upper 
limb. This was treated with anti-coagulants and rest, the symptoms resolving in a 


week. 


The most interesting observation was the occurrence in two cases of central 
retinal vein obstruction: 


Case 5, a female aged 79 years, presented with subacute symptoms of a fortnight’s duration 
culminating in continuous pain for one day. The patient had bilateral varicose ulcers. 
Intravenous urea was given and, when the cornea cleared 4 days later, distension of 
the central retinal vein was seen with some haemorrhages and early neovascularization 
near the disc, together with minimal disc oedema. Gonioscopy revealed narrow angles 
on both sides and no neovascularization. Surgery was not performed and when the 
patient was seen a month later, the haemorrhages had all absorbed and the optic disc was 


normal. 


Case 6, a female aged 57 years, attended with a history of subacute attacks in the right 
eye for 3 weeks and an acute attack of 3 days’ duration. The left eye was blind following 
old glaucoma and examination of this eye showed a hypermature cataract and hyphaema. 
The day after intravenous urea therapy the right disc was observed to be swollen with 
fullness of the veins and haemorrhages, the latter being confined to the disc. The 
condition remained unchanged in the right eye for the following week but a fresh hyphaema 
occurred in the left. A right iridencleisis was performed one week after the infusion 
without complication, and the disc returned to normal 2 weeks after operation. 


The reason for the appearance of the discs and vessels in the above two cases 
must remain obscure, since the condition of the anterior segment precluded 
examination of the fundi before infusion. The rapid subsidence of the abnormal 
signs and the localization of the haemorrhages solely to the disc would suggest 
that this is not primarily a central retinal vein obstruction but may be due to rapid 
hypotony. However, Duke-Elder (1940) states that the optic disc, when it can 
be seen during an attack of acute glaucoma, is oedematous and hyperaemic, but 
he makes no mention of the presence of haemorrhages. 


Advantages 


There can be no doubt from our own results and those of other workers 


(Galin, Aizura, and McLean, 1959, 1960; KJéti, 1960) that intravenous 
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urea is a most efficient agent in the reduction of intra-ocular pressure in 


glaucoma of any aetiology. This fall is achieved rapidly and allows m >re 
detailed examination of the eye in cases of doubtful aetiology, such ac in 


secondary glaucoma or acute closed-angle glaucoma occurring in aciive 
uveitis, The rapid fall in intra-ocular pressure also reduces the risk of 


permanent damage to the eye which is directly related to the duration of the 
attack (Miller, 1953), 


By obtaining a better response to medical treatment, surgery of election 
is possible, thus allowing operation on a decongested soft eye with better 
results (Haas, 1959; Graham and Stevens, 1960). It is also apparent that 
intravenous urea is most effective in producing a soft eye in lens-induced 
glaucoma before the extraction of the lens (vide supra). 


Disadvantages 


The most obvious handicap to urea therapy is that to be effective the 
method of administration must be intravenous. This is minimized by the 
provision of a sterile disposable polythene giving-set of easy manipulation, 
which is particularly valuable in specialized units. Phlebitis as an immediate 
complication is encountered rather frequently (vide supra) and is directly 


related to the rate of infusion (60 drops per minute) which is required to 
produce a satisfactory fall in intra-ocular pressure. Such a rate of infusion 


is likely to be attended by a considerable incidence of side-effects, e.g. 
headache, nausea, and vomiting, but these are of short duration and may be 
offset by the relief of ocular pain. 

It has been assumed that chronic renal insufficiency is a contraindication, 
but this may not apply to slight degrees of impaired renal function. 

Haemorrhage as an operative complication has been observed in intra- 
crania) surgery during the infusion of urea (Stubbs and Pennybacker, 1960), 
but is likely to occur in ocular surgery only if the operation is performed 
while the urea is being administered. 


Conclusions 


It is Our opinion that intravenous urea is best reserved for use in acute 
closed-angle glaucoma when classical therapy (intensive miotics and intra- 
muscular Diamox) has failed, thus allowing surgery on a decongested eye 
at a later date. If considered desirable, its use as a primary procedure 
should be confined to cases with a very high initial tension. 

In lens-induced glaucoma with markedly raised tension, the reduction of 
intra-ocular pressure is most efficiently achieved by intravenous urea and 
this would seem to be the most desirable method before extraction of the 
lens. This also applies to anterior dislocation of the lens. 
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Secondary glaucoma of doubtful aetiology and malignant glaucoma may 
be taken as indications for primary treatment with intravenous urea. 


There is a direct correlation between the rate of infusion and the resultant 
fall in intra-ocular pressure. This would appear to be more critical than 


previously suspected. 


We are indebted to Mr. R. Weeden Butler, Mr. P. Jameson Evans, Mr. W. Martin Walker, 
Mr. M. J. Roper-Hall, and Mr. K. Rubinstein for allowing us to treat their patients. We are 


also grateful to the medical and nursing staff for their ready co-operation. Our thanks are also 
due to Mr. A. M. Hamilton of Baxter Laboratories Ltd., for the “Urevert” used in this 


investigation. 
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RETINAL VASCULITIS* 


BY 


T. KEITH LYLE ann KENNETH WYBAR 
London 


IN 1880 Henry Eales described, in a number of young adult males, a condition 
of recurrent haemorrhages within the retina and vitreous, which he considered 
to be the result of some primary retinal disorder in the absence of any 
obvious constitutional upset; he entitled his paper “‘ Primary Retinal Haemor- 
rhage in Young Men”. Many similar cases have been described since that 
time, and it is now generally recognized that the condition is essentially an 
inflammatory affection of the retinal veins (periphlebitis), although in some 
cases there may be involvement also of the retinal arteries (periarteritis). Itis 
therefore more accurate to describe the disease as a retinal perivasculitis, or 
better still as a retinal vasculitis, since the vesse] wall itself is involved and 
not merely its surrounding connective tissues. There is little understanding 
of the true nature of the inflammation, and, although some reports indicate a 
tuberculous aetiology (Axenfeld and Stock, 1911; Gilbert, 1935), it is likely 
that the condition is not an expression of a single disease but a clinical 
phenomenon common to several diseases (Ballantyne and Michaelson, 1937). 

The authors of the early descriptions of the condition considered that the 
brunt of the disease was borne by the veins in the periphery of the retina, 
and that any involvement of the veins in the central part of the fundus was 
the result of spread from the veins in the periphery (Eales, 1880, 1882; 
Ballantyne, 1909; Davis, 1912; Igersheimer, 1912), but sporadic reports have 
since appeared which indicate that in some cases there is a primary involve- 
ment of the central retinal vein within the optic nerve-head (Gilbert, 1913; 
Siegrist, 1913; Davis, 1920; Ballantyne and Michaelson, 1937). It is the 
purpose of the present communication to draw attention to this latter group 
of cases which show certain characteristic features: oedema of the optic 
nerve-head and adjacent retina, generalized dilatation of the retinal veins, 
little or no involvement of the retinal arteries, a variable amount of retinal 
haemorrhage, and an almost complete absence of vitreous haemorrhage, 
and, therefore, of retinitis proliferans. Furthermore, these cases are seldom 
associated with any gross disturbance of vision, unless there is obvious 
involvement of the macula by oedema or haemorrhage, and, even when vision 
is affected, more or less normal vision is usually restored within a relatively 
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short time. In this way the disease tends to run a fairly benign, although 
protracted, course, without the development of serious complications. 
The condition is usually confined to young adults, although it may occur in 
middle age, and it is commoner in men than women. It often, but not 
invariably, occurs in apparently healthy persons; for example, several cases 
were encountered by one of us (T.K.L.) among apparently fit young adult 


males serving in the R.A.F. during the second world war. On the other 


hand, in one typical case, a man was found to be suffering from active 
pulmonary tuberculosis. 


Case Reports 


The following six cases represent examples of this specialized group of cases which 
may be included within the generic title of retinal vasculitis. 


Case 1, a married woman aged 39, complained in April, 1955, of attacks of blurred vision of 
the left eye lasting about half an hour. She said she had noticed this on several occasions 
during the last fortnight, but admitted that she had also experienced transient attacks of 


defective vision in her left eye for the last 10 years. 


Examination.—The visual acuity in each eye was 6/5 with no refractive error. The 
right optic disc was unusually pink and the edges were not clearly defined, but there was 
no evidence of abnormality in the fundus generally and the appearance was considered 
to be within the physiological limits of normal. 

The left optic disc showed considerable oedema, associated with oedema of tHe sur- 
tounding retina. The blood vessels, especially the veins, were distended and tortuous 
and there were numerous small haemorrhages along their entire course, even out to the 
extreme periphery of the fundus (Fig. 1). The patient had already been seen by another 
ophthalmologist and a neurologist, who had diagnosed the presence of oedema of both 
discs (“‘ papilloedema’’) affecting the left eye more than the right, and, suspecting raised 
intracranial pressure, had instituted investigations to discover the underlying cause. 


Fic. 1.—Case 1. Cepy of fundus painting 
of left eye, showing oedema of the optic 
disc and surrounding retina, and dilatation 


and tortuosity of the retinal veins. The 
retinal arteries are slightly affected. 


General examination had, however, revealed no abnormal physical signs, and an x-ray 
examination of the skull and an air encephalogram had shown no abnormality. The 
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blood pressure was 140/80. X-ray examination of the chest showed no evidence of pul- 
monary disease. The blood count and erythrocyte sedimentation rate were normal. 
The electro-encephalogram showed no evidence of any focal cerebral lesion. The cerebro- 
spinal fluid was of normal pressure and its constituents were normal. The blood Wasser- 
mann reaction was negative. 

There appeared to be no doubt that the patient was suffering from retinal vasculitis of 
the left eye. 


Subsequent History.—The visual acuity of the left eye deteriorated to 6/60 2 months 
later because of a haemorrhage in the macular region, but it subsequently recovered; one 
year later it was 6/18, 2 years later 6/9, and 3 years later 6/6 and NS. During this period 
the patient remained well, and the condition of the left fundus gradually cleared, leaving 
sheathing of the veins (Fig. 2), an ill-defined disc with some new vessels on the nasal part, 
and some pigmentary changes around the macula (Fig. 3). It is now 5 years since she 
was originally seen at the hospital and she remains symptom-free. 


Fic. 2.—Case 1. Fundus photograph 3 years Fic. 3.—Case 1. Fundus photograph, show- 
later, showing sheathing of retinal veins. ing pigmentary disturbance at the macula and 
new vessel formation at the nasal edge of the 
disc. 
Case 2, a man aged 49, had noticed a sudden onset of defective vision in the right eye 
in September, 1954. Examination at that time showed a visual acuity of 6/60 in the right 
eye, and 6/5 in the left. There was a paracentral temporal scotoma extending from the 
blind spot towards the point of fixation in the right visual field. The left visual field 
showed no abnormality. The right fundus was described by another ophthalmologist 
as showing the typical appearance of a partial thrombosis of the central retinal vein. The 
blood pressure was 140/90. He was admitted to hospital and treated as a case of throm- 
bosis of the central retinal vein. He was given anti-coagulant therapy, but this caused 
severe melaena and had to be discontinued after a few days. 

X-ray examination of the skull and chest showed no abnormality. The blood count 
and the erythrocyte sedimentation rate were normal. The Wassermann reaction and 
gonococcal complement-fixation test were negative, and the Mantoux test was negative to 
1:10,000 O.T. 

The patient was then seen by one of us (T.K.L.), who suggested that the diagnosis was 
that of retinal vasculitis, the veins being affected to a considerably greater extent than the 
arteries. 
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Subsequent History—The fundus condition (Fig. 4) remained unchanged until July, 
1955, when the haemorrhages began to be absorbed and central vision improved. By 
November, 1956, the haemorrhages had disappeared and the visual acuity of the right eye 
had recovered to 6/6and N5. The condition of the fundus had almost returned to normal 
except for the presence of sheathing of the retinal vessels and some new vessel formation 
on the disc (Fig. 5). When the patient was last examined, 6 years after the onset of the 
disease, there had been no recurrence of the condition. 


aM 


Fic. 4.—Case 2. Fundus photograph of right Fic. 5.—Case 2. Fundus photograph 1 year 
eye, showing massive oedema of the optic later. The fundus is almost normal except for 
disc, multiple retinal venous haemorrhages, and sheathing of the retinal vessels and some new 
dilatation and tortuosity of the retinal veins. vessel formation at the nasal edge of the disc. 
The condition mbles that of a central 

retinal vein thrombosis. 


Case 3, a young man aged 24, who had previously enjoyed normal vision, suddenly became 
aware of a slight blurring of the vision of the right eye on waking each morning, which 
cleared completely within a few hours. 


Examination.—2 weeks later the retinal veins of the right eye were found to be markedly 
dilated along their entire length from the optic disc to the periphery of the fundus. There 
were a few scattered retinal haemorrhages and pronounced oedema of the optic disc and 
surrounding retina. The left fundus was normal. Apart from some emotional in- 
stability, general examination showed no abnormality and serological investigations 
proved to be negative. 

Subsequent History.—The retinal veins remained dilated for several months and then 
gradually improved, but a certain degree of dilatation has persisted despite an interval of 
over 3 years from the onset of the condition. The retinal haemorrhages remained more or 
less unchanged for 6 months, but then slowly absorbed, and had completely disappeared 
4months later. A few weeks after the onset of the condition the oedema surrounding the 
optic disc spread to the macular region, but thereafter there was a gradual reduction of the 
oedema over a period of about 12 months, leaving only the residual appearances of an 
ill-defined disc margin and a characteristic “‘pseudo-hole” at the macula. At the first 
examination the visual acuity of the right eye was normal (6/5), despite the subjective 
awareness of transient blurring of the vision, but 6 weeks later the vision deteriorated to 
6/12 and, after a slight improvement, it has remained at 6/9 partly. It is likely that this 
permanent slight defect in the central vision is the direct result of the oedema of the 
macula. 
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Case 4, a man aged 34, who had previously had no trouble with his eyes, noticed a s].zht 
blurring of the vision of the right eye. 

Examination.—A few days later he was found to have pronounced oedema of the right 
optic disc and macular area, together with massive dilatation of the retinal veins extenuing 
to the periphery of the fundus, and several scattered retinal haemorrhages (Fig. 6). The 
corrected visual acuity of the right eye was 6/9. The left eye was normal in all respects, 
Neurological, serological (Wassermann reaction, Kahn test, and blood count), and 
radiological tests (x rays of chest and orbits) proved to be negative. 


Subsequent History.—2 weeks after the onset of the condition there was a temporary 
deterioration of the visual acuity of the right eye to 6/18, but the vision returned to a 
normal level within 5 weeks. The retinal haemorrhages disappeared in 2 months, with some 
reduction of the dilatation of the retinal veins and of the degree of oedema of the optic 
disc (Fig. 7). This was followed by further resolution of the dilatation of the retinal 
veins, so that the fundus appearance became almost normal within 5 months of the onset 
of the condition. The right eye has remained unchanged since that time, and there has 
been no similar involvement of the left eye. 


Fic. 6.—Case 4. Fundus photograph of the Fic. 7.—Case 4. Fundus photograph 2 
right eye, showing massive oedema of the optic months later, showing haemorrhages absorbed 
disc, multiple retinal venous haemorrhages, and retinal veins less dilated. 

and dilatation and tortuosity of the retinal 

veins. The condition resembles that of a cen- 

tral retinal vein thrombosis. 


Case 5, a married woman aged 49 years, noticed occasional generalized blurring of the 
vision of the right eye when she bent her head downwards; this was followed by a restora- 
tion of normal vision within 30 seconds of resuming an upright position, the restoration 
starting in the centre of the field of vision and spreading rapidly to the periphery. 


Examination —One month later she was found to have obvious oedema of the right 
optic disc which extended about one disc diameter around the disc (Fig. 8, opposite). 
There was also a marked dilatation of the retinal veins throughout their whole length 
from the optic disc to the periphery of the retina. There were no retinal haemorrhages 
and the visual acuity of the affected eye was normal (6/5). There was no disturbance of 
the visual field, except for a slight concentric enlargement of the blind spot, and in all 
other respects the eye was normal. The left eye was unaffected. A neurological exam- 
ination, serological (Wassermann reaction, Kahn test, and blood count), and radiological 
tests (x rays of chest and orbits) proved to be negative. 
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Subsequent History —4 months later the disc oedema and venous dilatation had in- 
creased slightly and a few fine haemorrhages were present in the central part of the retina 
(Fig. 9). The haemorrhages disappeared within a further 2 months. One year after the 
onset of the condition the right eye was unchanged in appearance (Fig. 10), but the left 
fundus showed a small degree of oedema of the optic disc, with some dilatation of the 
retinal veins which involved particularly the small veins on the optic disc which showed 
nodular dilatations (Fig. 11). Since that time there has been a gradual decrease in the 
oedema of the right optic disc, but only a very slight decrease in the dilatation of the 
retinal veins although 2 years have elapsed since the onset of the condition. On the 
other hand, the early changes noted at one stage in the retina of the left eye, disappeared 
completely within 6 months. 


Fic. 8—Case 5. Fundus photograph of right Fic. 9.—Case 5. Copy of fundus painting 
eye, Showing gross oedema of the optic disc and 4 months later. The disc oedema has 
surrounding retina, and dilatation of theretinal i 

veins. 


Ei 


Fic. 10.—Case 5. Fundus photograph of right Fic. 11.—Case 5. Fundus photograph of left 
eye | year later, showing condition unchanged. _ eye, showing slight disc oedema and moderate 
dilatation of the retinal veins. 
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Case 4, a boy of 14, who had had no previous eye trouble, became aware of a small c! ud 
in the centre of the field of vision of the right eye, which, although initially more or jess 
transparent, developed into a generalized mistiness within 2 weeks, with a deterioratica of 
the central and peripheral vision of that eye. There was no disturbance of the visic.: of 


the left eye. 


Examination.—3 weeks after the onset of these symptoms, the right eye showed massive 
oedema of the optic disc, moderate oedema of the macula, and well-marked dilatation 
and tortuosity of the retinal veins along their entire course from within the optic disc to the 
periphery of the retina. There were scattered retinal haemorrhages in all parts of the 
fundus including the paramacular region, and some sheathing of the veins in the periphery 
(Fig. 12). The corrected visual acuity of the right eye was 6/24. At the same time the 
left eye showed slight localized dilatations of the retinal veins in the periphery and also 
some tortuosity of part of the inferior temporal vein mid-way between the optic disc and 
the equator. There were localized patches of sheathing of the left retinal veins in the 
periphery of the fundus and a few haemorrhages beyond the equator, particularly in the 
nasal part of the fundus. There was no oedema of the left optic disc and no change in 
the retinal veins near the disc (Fig. 13). The unaided visual acuity of the left eye was 6/5. 


Fic. 12.—Case 6. Copy of fundus painting Fic. 13.—Case 6. Copy of fundus painting 
of the right eye, showing disc cedema, wide- of the left eye, showing peripheral haemor- 
spread retinal haemorrhages, and ditatation of rhages and localized dilatation and sheathing 
the retinal veins. of the retinal veins. 


Progress.—2 weeks later a few cells were present in the anterior chamber of both eyes, 
and this was followed by the development in the right eye of a fine vitreous haze. At the 
same time a raised circular nodule ringed by a few dilated iris vessels appeared on the 
central part of the iris of the right eye at9 o’clock. Theappearance of the right eye changed 
significantly within a very few weeks of the onset of the condition; there was a considerable 
increase in the extent of the retinal haemorrhage, which involved a wide area of the 
peripheral and central retina particularly below and temporal to the optic disc; there was 
an increase in the oedema of the optic disc and of the macular area and in the isolated 
areas of sheathing of the retinal veins in the periphery of the fundus. The iris nodule 
completely disappeared and the cells circulating within the anterior chamber gradually 
reduced in number. 
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Subsequent History—Within 5 months, the following changes occurred: gradual 
reduction in the disc oedema, disappearance of the macular oedema (followed, however, 
by the development of fine pigmentary changes at the macula), reduction in the degree of 
dilatation of the retinal veins and in the extent of their sheathing, almost complete dis- 
appearance of the retinal haemorrhages, and development of a small area of new vessel 
formation of venous origin in the lower temporal periphery of the retina (Fig. 14). The 
visual acuity of the right eye improved from the original 6/24 to normal (6/5) within 10 
weeks of the onset of the condition, despite the presence of obvious pigmentary changes 
in the macula as a result of the previous oedema. The appearance of the left eye did not 
alter significantly in the first few weeks of observation, except for a slight increase in 
the degree of retinal vein dilatation, and subsequently, within this period of 5 months, 
the retinal haemorrhages almost completely disappeared with a reduction in the degree of 
dilatation of the retinal veins and in the extent of their sheathing (Fig. 15). The central 
vision of the left eye remained normal throughout the period of observation. 


Fic. 14.—Case 6. Copy of fundus painting 
of the right eye 5 months later, showing 
haemorrhages mostly absorbed, retinal veins 


Fic. 15.—Case 6. Copy of fundus painting 


of the left eye 5 months later, showing 
haemorrhages mainly absorbed and less dila- 
tation and sheathing of the retinal veins. 


less dilated, and new vessel formation of 
venous origin in the lower temporal periphery 
of the fundus. 


General and neurological investigations, serological investigations (Wassermann 
reaction, Kahn test, erythrocyte sedimentation rate, and general blood picture), lumbar 
puncture, and radiological examinations (x rays of teeth, sinuses, and chest), and calf 
muscle biopsy, all produced negative results, except for some enlargement of the left 
tracheo-bronchial gland and a positive Mantoux reaction (1 in 100,000). Tests for toxo- 
plasmosis and brucellosis were negative. 

Treatment was carried out as an in-patient on sanatorium lines for nearly 3 months, 
with the use of the following drugs: prednisolone 5 mg. five times daily, reduced after 12 
weeks to a maintenance dose of 5 mg. three times daily; potassium chloride 7-5 gr. once 
daily; isoniazid 50 mg. and PAS 3 g. each four times daily for 4 weeks at the beginning 


of the treatment. 

An interesting aspect of this sixth case has been the investigation (carried out 
by Dr. G. B. Arden at the Institute of Ophthalmology) of the metabolic function 
of the retina. Inthe acute stage of the condition there was a gross functional 
50 
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disturbance of the right eye and a less marked functional disturbance of the let, 
but 6 months later there was a complete return of normal metabolic function :n 
both eyes. There is, therefore, a close correlation between the clinical appearance 


of the eye and the assessment of its metabolic function in the laboratory. The 
method used by Dr. Arden is to be described by him in a later publication. 


This last case is of particular importance because it endorses the main 
purpose of this paper, which is to emphasize the existence of a form of retinal 
vasculitis due primarily to an involvement of the central retinal vein within 
the optic nerve-head, in contrast to the more usual form of the condition in 
which the brunt of the disease is borne by the periphery of the retina. The 
occurrence in the same patient at the same time of the central type of 
retinal vasculitis in one eye and of the peripheral type of the disease in the 
other eye appears to provide evidence that the two conditions, although 
clinically different, are manifestations of the same underlying cause, namely, 
an inflammatory affection of the retinal venous system. 


Differential Diagnosis 
It is important to consider other conditions of the eye which may simulate 
these cases of retinal vasculitis: 


(1) Thrombosis of the Central Retinal Vein —The fundus in certain cases 
of retinal vasculitis resembles, at first glance, the appearance in typical cases 
of thrombosis of the central retinal vein, although in the latter condition the 
haemorrhages are usually more extensive, particularly in the central part of 
the fundus, with marked involvement of the macula and consequent dis- 
turbance of the central vision. The essential points of difference, however, 
are these: retinal vasculitis tends to occur more in younger patients thanthrom- 
bosis of the central retinal vein; cases of retinal vasculitis show no evidence 
of generalized arteriosclerosis or vascular hypertension; if retinal vasculitis is 
confined to one eye, the fundus of the unaffected eye shows no abnormality, 
whereas in cases of central retinal vein thrombosis there is invariably evidence 
of arteriosclerosis and hypertension in the other eye. 

The importance of differentiating between retinal vasculitis and central 
retinal vein thrombosis has been emphasized recently by another case seen 
by one of us (K.C.W.). 

Case 7,a young man aged 24 years, gave a history of a vague disturbance of the vision of 
the right eye in August, 1960, and he was treated 3 months later with dindevan because 
he was considered to be suffering from a thrombosis of the right central retinal vein. 
When he was first seen a few weeks after starting the anti-coagulant therapy, the eye 
showed the typical appearances of a retinal vasculitis, with oedema of the optic disc and 
massive dilatation of the retinal veins from the optic nerve-head to the retinal periphery, 
and there was also an unusually large amount of haemorrhage scattered over a wide area 
of the retina with involvement of the macula. The left fundus was completely normal, 
and the general cardio-vascular system was also normal. The dindevan was discontinued 
immediately and the patient was given systemic steroids. 4 weeks later there was an 


obvious reduction of the retinal haemorrhages and an absence of any fresh haemorrhage 
(Fig. 16, opposite), and the central vision had improved from “‘counting fingers” to 6/36. 
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It appears likely that in this case the retinal haemorrhages were accentuated by the 
treatment with an anti-coagulant, and this is scarcely surprising in view of the nature 
of the inflammatory changes which are presumed to be present within the walls of the 
retinal veins. 


Fic. 16.—Case 7. Copy of fundus painting © 
of right eye, showing disc oedema, dilatation \ 
and tortuosity of the retinal veins, massive 
haemorrhages along the main tributaries ad- 
jacent to the optic disc, and scattered haemor- 


rhages in the periphery of the fundus. 





(2) Oedema of the Optic Nerve caused by Increased Intra-cranial or Intra- 
orbital pressure.—In retinal vasculitis the obvious oedema of the optic disc of 
the affected eye, particularly when it is associated with haemorrhages on and 
around it, may simulate a “choked disc”, but a mistake in diagnosis should 
easily be avoided if a thorough examination of the entire fundus of the affected 
eye is made. In cases of retinal vasculitis the dilatation of the retinal veins 
and the haemorrhages in the retina, when they occur, are not confined to the 
disc, nor indeed to the area immediately around it, but are found throughout the 
Jundus even in the extreme periphery. However, in spite of this, on more than 
one occasion patients with retinal vasculitis have been suspected of having a 
cerebral tumour and elaborate and quite unnecessary investigations have been 
undertaken. It should be noted that it is not possible to distinguish between 
the two conditions by an assessment of the visual acuity, because, at least in 
the early stages, it is unusual for either to be associated with more than a 
slight and transient blurring of vision, although in both conditions there may 
be some further deterioration of visua) acuity due to the development of 
macular oedema. In the later stages of disc oedema caused by raised intra- 
cranial pressure, however, there may be a marked loss of central vision as a 
tesult of the development of a consecutive form of optic nerve atrophy, and 
this is in contrast to cases of retinal vasculitis in which the final visual acuity 


is usually good. 


(3) Fulminating Hypertensive Retinopathy.—Oedema of the optic disc, the 
occurrence of retinal haemorrhages adjacent to the disc, and dilatation of the 
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retinal veins are characteristic features of the central form of retinal pe..- 
vasculitis and also of most cases of fulminating hypertensive retinopathy, biit 
the latter condition is associated also with obvious calibre variations of the 
retinal arteries, concealment of the veins at the arterio-venous crossings, often 
with a star-figure at the macula and invariably with similar changes in tne 
other eye: features which are not present in cases of retinal vasculitis. 


Summary 


Retinal vasculitis is generally described as a condition of the peripheral 


parts of the retina, involvement of the central part of the retina being a 
relatively rare secondary event. There is, however, a group of cases in 


which the central retinal vein appears to be involved primarily within the 
optic nerve-head with the production of a characteristic clinical picture: 
well-marked oedema of the optic disc and sometimes also of the macula; 
well-marked dilatation of the retinal veins throughout their entire course in 
the retina; a variable amount of retinal haemorrhage without any obvious 
vitreous haemorrhage. The condition is usually unilateral and tends to run 
a protracted although often relatively benign course. Six such cases are 


described and illustrated. The distinguishing features of central retinal 
vein thrombosis, plerocephalic disc oedema, malignant hypertensive retino- 


pathy, and this form of retinal vasculitis are discussed. 
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FEATURES OF OCULAR INFESTATION BY TOXOCARA* 


BY 
Il. M. DUGUID 
Department of Pathology, Institute of Ophthalmology, University of London 


In Britain, ocular involvement by Toxocara was first recognized by Ashton 
(1960), who reported four cases of granulomatous lesions of the retina due 
to this ascarid nematode, common in dogs and cats. Stimulated by these 
revelations, attention has since been focused on this aspect of ophthalmology 
and it appears that some ocular lesions caused by Toxocara have in the past 
been attributed mistakenly to other causes such as organized haemorrhage 
or exudate, Coats’s disease, and choroiditis. In Ashton’s series, all four 
eyes had been enucleated because the fundus lesions appeared similar to 
those of retinoblastoma, and not until after the completion of histological 
examination was the correct diagnosis established. 

28 cases of ocular infestation by Toxocara have now been examined 
at the Institute of Ophthalmology, London: 





Histologically Clinically Typical under 





Tota] Number of Cases Obseryation 
. Proved | Unproved but Typical 


28 aac 6 9 








it is evident that the majority of these cases have been diagnosed only after 
enucleation and it is suggested that Toxocara infestation is more common 
than was formerly apparent. 


Further study of these cases revealed several features suggestive of 
Toxocara infestation and these wil) now be considered more closely as this 


knowledge might obviate the necessity for enucleation in some future cases. 


Contact with Dogs and/or Cats.—The incidence of Toxocara in these domestic 
animals, as judged from different writers, varies greatly in different parts of the 
world. Some of the figures given for foreign countries are: 

13-5 per cent. of dogs in Marseilles (Solomon, 1933). 


20 per cent. of dogs in Boston, U.S.A. (Heiner and Kevy, 1956). 
21°38 per cent. of 174 dogs in Melbourne, Australia (Pullar, 1946). 


82-8 per cent. of 100 dogs in Calcutta (Maplestone and Bhaduri, 1940). 


In the United Kingdom the figures are: 


70-8 per cent. of dogs in Cambridge (Nuttall and Strickland, 1908). 


Toxocara canis in 16-3 per cent. of dogs and Toxocara cati in 61:8 per cent. of cats 
in Wales (Lewis, 1927). 





* Received for publication May 15, 1961. 
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The chances of coming in contact with an infested dog or cat are therefore no. 
to be overlooked, and particularly is this so in children who are often seen cuddling 
these domestic pets. Moreover, yard or garden soil may become heavily foule:i 
by the ova present in faeces from a dog with Toxocara, and herein lies the danger 
for a child of dirt-eating age. These children indiscriminately pass anything 
into the mouth and are liable to swallow ova which may be accidentally picked up 
while playing in the garden. Once embryonated ova are swallowed they are 
likely to hatch out in the intestine, liberating larvae which, according to Sprent 
(1954), are active borers and liable to migrate anywhere in the body, but especially 
to the lungs, liver, brain, and by chance to the eye. Considering that many 
children encounter these common nets it may seem superfluous to inquire about 
a history of contact, but it is surprising how often parents have helped by stating 
that a child (with a suspected Toxocara lesion) had been in contact with a puppy 
with worms. 


Age Group Involved.— Until recently the eldest recorded case of ocular Toxocara 
infestation in this series was aged 16 years, but the majority of ocular lesions 
presented in children about 4 to 6 years of age. Such a distribution is not 
surprising considering the likelihood of ingesting Toxocara ova during the first 
few years of life, which may be followed by a latent period before the ocular 
nematode lesion presents. 


Site of Lesion.—The granulomatous lesion is typically solitary and is situated 
posteriorly in close proximity to the optic disc and macula. Usually the granuloma 
containing the larva has 
been located in the macular 
region or temporal to the 

optic disc (Fig. 1). 


Fic. 1.—Location of larva. 


On no occasion so far has the lesion been found either in the peripheral fundus 
or nasal to the optic disc. Only in cases of chronic endophthalmitis with 
retinal detachment due to Toxocara (Duguid, 1961) have larval fragments been 
located more anteriorly, and that merely because of the accompanying total 
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retinal detachment. In some cases of larval granulomatosis with exudation, the 
granuloma containing the second stage Toxocara larva may project forwards into 
the vitreous, appearing as a white mass with vitreous bands running between the 
mass and retina (Fig. 2). Such a condition might represent an intermediate 
stage between the intra-retinal granuloma and that of chronic endophthal- 
mitis with total retinal detachment. 


Fic. 2.—Appearance in mac- 
ular region of white larval 
mass with vitreous bands 
between the mass and retina. 


On two occasions the lesion actually implicated the temporal part of the optic 
disc: the fundus of one of these cases is shown in Fig. 3. 


Fic. 3.—Lesion implicating 
temporal part of optic disc. 
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Incidentally, in the series under review, the right and left eyes were equally 
involved. ; 

The lesion is typically unilateral: bilateral ocular Toxocara infestation has not 
so far been encountered. 


Colour and Nature of Lesion.—A Toxocara granuloma is typically white and its 
density depends on the amount of granulation tissue present. It is important to 
use not only the ophthalmoscope but also the slit lamp in looking for such varia- 
tions of colour within the granuloma as are discernible in Fig. 4 (opposite), where 
a slightly darker area, crescentic in shape, is clearly visible. This darker area indi- 
cates the position of the larva within the granuloma, and such an area if found is 
highly suggestive and almost diagnostic of Toxocara. Fig. 5 shows the fundus of 
a girl with a Toxocara lesion in the macular area; here very little granulation 
tissue reaction has appeared and the larval outline is clearly visible. It might be 
mentioned in passing that this patient had been given tetracyclines orally for 
3 days and the fundus lesion was then examined with ultra-violet light in the hope 
that the larva would selectively take up this drug, as in filariasis, and would then 
fluoresce on exposure to ultra-violet rays; disappointingly, no fluorescence was 
noted. 


Fic. 5.—Lesion in macular area, 
showing larval outline. 


Usually the granulomatous lesion has a round outline and a diameter about 
equal to that of the optic disc. The lesion is characteristically raised, and excites 
little surrounding pigmentary migration although some atrophy of the adjacent 
fundus iscommon. Tension lines or retinal folds radiating from the granuloma are 
frequently present and may be prominent (Fig. 6, overleaf). Particularly in lesions 
with an uneven surface, aberrant proliferative branches from nearby retinal vessels 
may be seen coursing across the flatter peripheral portion of the lesion before 
disappearing from view in the thicker centre as in the first case described by 


Ashton (1960). 
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Fic. 4.—Variations of colour within-the granuloma are readily visible. 


To face page 792.) 
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Fic. 6.—Tension lines radiating from granuloma. 


Visual Acuity and Strabismus.—All cases from this series showed impaired 
visual acuity in the affected eye; in two cases the acuity had fallen only to 6/12, 
but in the remainder a reduction of 6/60 or even to counting fingers was common. 
In view of its preference for the posterior polar region, it is not surprising to find 
that the parasite causes such a marked decrease in visual acuity. Strabismus 
had been recorded on eight occasions and had been instrumental in first bringing 
the afflicted child to the ophthalmologist. 


Chronic Endophthalmitis.—Perhaps more frequently present than the granulo- 
matous lesion is a chronic endophthalmitis with retinal detachment due to Toxocara 
infestation, which should be suspected in all children presenting with unilateral 
ophthalmitis of apparently unknown aetiology. In addition—although it is too 
soon to be authoritative—it seems likely that many lesions hitherto diagnosed 
as Coats’s disease will eventually prove to be caused by TJoxocara. Before 
enucleation these eyes show no distinctive features which indicate the presence of 
an intra-ocular larva. Cases of chronic endophthalmitis with retinal detachment 
usually had a low-grade iritis with posterior synechiae to the lens and a cyclitic 
membrane between the detached retina and lens. Diagnosis in such patients is 
clinically difficult and one must often look for the other features of parasitic 
infestation mentioned in this article to assist with diagnosis. 


Radiography.—This aid to diagnosis has been helpful in that no intra-ocular 
calcification has been observed about the site of the ocular nematode lesion—a 
feature which may be of value in differentiation from cases of retinoblastoma, 
about 75 per cent. of which contain calcified foci. In all the ocular histological 
sections examined, the absence of calcification in the Toxocara lesions is note- 
worthy, although it is probable that this might develop in long-standing cases. 
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Laboratory Diagnosis.—Until the middle of 1960, the eosinophil count was tie 
most important laboratory aid to diagnosis. An eosinophilia, usually 3 io 
12 per cent., was present in most of the cases seen at the Institute of Ophthalmolo;y. 
The degree of eosinophilia, according to Smith and Beaver (1953), is apparenily 
proportionate to the severity of the infestation. 

Search for ova and worms in the stools of persons with ocular Toxocara lesions 
has consistently been negative. This is not surprising considering that in the 
human that parasite does not develop beyond the second-stage larva. Thus, 
apart from histological examination of the enucleated eye with isolation of the 
causal larva, laboratory diagnosis has not previously proved of great help and an 
attempt was therefore made to evolve a suitable diagnostic test. Fresh adult 
Toxocara worms were obtained and were opened longitudinally to liberate their 
contained ova. The ova were incubated in 0-5 per cent. formol saline at 37°C, 
for 1 to 2 weeks to promote growth into first-stage larvae. These larvae were 
then removed from the formol saline and washed in normal saline before being 
added to adult worms which had meanwhile been stored at — 30°C. The worms 
and larvae were exposed to ultra-violet light for 5 hours before being frozen to 

— 70°C. for one hour in a Pyrex tube surrounded by a snow and acetone mixture. 

The contents of the tube were then heated to 56°C. for one hour in a water bath. 
By carrying out this sequence the arrest of further development of any viable ova 
or larva was fairly certain. The larvae and worms treated in this way were ground 
in a Tenbroeck tissue grinder with a little ether to give a fat-free antigen, before 
being added to sterile 0-5 per cent. phenol-saline to make a 1 per cent. solution, 
and buffered to neutral. The solution was then cultured to verify its sterility 
before being stored in ampoules at - 30°C. About the middle of 1960, healthy 
rabbits were inoculated with 5 to 10 ml. normal saline solution containing 200 live 
Toxocara larvae per ml.; 0-1 ml. of the antigen prepared in this way was injected 
intradermally into healthy rabbits and into rabbits inoculated with live Toxocara 
larvae one month previously. All infested rabbits gave positive skin reactions 
consisting of erythema and induration around the site of the injected antigen, 
while the normal rabbits gave no cutaneous response whatsoever. 

Following these results, one felt justified in trying this test on humans with 
ocular lesions thought to be due to Toxocara; 0-15 ml. of the antigen was injected 
intradermally in one forearm and the control into the other. The result was read 
36 to 48 hours later and interpreted as for the Mantoux test. To date, this test 
has been carried out on twelve patients with ocular Toxocara lesions and in every 
instance a positive result has been obtained. 

On cight occasions this antigen has been used on normal persons or patients 
with uveitis due to causes other than Toxocara and in every case the result has been 
negative. Unfortunately, due to shortage of antigen, it has so far been impossible 
to carry out the test on sufficient cases with lesions due to other parasitic or 
non-parasitic causes and it is too soon, therefore, to give any final opinion on the 
specificity of the test. Sprent and English (1958) prepared an antigen from live 
adult Toxocara canis worms, which were ground to a pulp, frozen at —70°C., and 
lyophilized. Their antigen, however, was used in conjunction with cutaneous 
scarification and the result was interpreted within the succeeding 20 minutes. 
Sprent and English expressed concern over the possibility of injecting live larvae, 
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but with the more elaborately prepared antigen described above, this possibility 
is remote or non-existent. 

Further comment on the test would obviously be unwise at this stage, but one 
can justly say that the test will prove helpful in establishing the diagnosis in doubtful 
cases. 

Serological examination of patients with Toxocara infestation has been carried 
out by Kagan (1958), Sadun, Norman, and Allain (1957), and Jung and Pacheco 
(1960), but at this Institute no serological work on Toxocara has yet been started 
although it is hoped to begin in the near future. 

Finally, there is the question of treatment. Initially this should be preventive; 
all domestic animals suspected of harbouring Toxocara (and this includes all 
puppies) should be seen by a veterinary surgeon with a view to initiating piperazine 
therapy as soon as possible. This drug is of value only for parasites within the 
intestinal canal and, therefore, would not be expected to help in established human 
ocular infestations, because the larva does not develop beyond the second-stage 
in man and therefore does not return to the intestine. It had been thought that 
photocoagulation might be employed (for the early granulomatous lesions with 
failure in vision) because coagulation of the parasite in situ might prevent the 
onset of chronic endophthalmitis with an inevitable secondary glaucoma and 
eventual enucleation. The necessity for this therapeutic attempt is doubtful. 
A case we have examined recently shows that the lesions may remain static for 
many years—if not indefinitely. Fig. 7 shows a fundus painting made 30 years 
ago of a probable Toxocara lesion which was published by Marshall (1931) as 
“exudative choroiditis” in a child aged 8 years. Fig. 4 (col. pl.) shows the same 
fundus in 1960, and comparison of these paintings reveals so little change that one 
would hesitate to embark upon heroic therapeutic measures. 


Fic. 7.—Appearance of fundus in 
1930} of a child aged 8 (Marshall, 


1931), for comparison with 


present state seen in Fig. 4. 


By courtesy of the Honorary Editors of the Proceedings of the Royal Society of Medicine. 





796 I. M. DUGUID 


Summary 


(1) 28 cases of ocular Toxocara infestation have been examined. 

(2) Two types of ocular lesion may be produced by the Toxocara larva: 
(a) retinal granuloma or (4) chronic endophthalmitis. 

(3) The clinical features of ocular Toxocara infestation are presented. 

(4) A skin test designed to aid clinical diagnosis is described in detail. 

(5) Possible methods of treatment are briefly discussed. 


I am considerably indebted to Prof. Norman Ashton, not only for his valuable help in carrying 
out this work, but also for his criticism during the preparation of this article. My thanks are 
also due to Mr. J. E. M. Ayoub for kindly enabling me to observe some of the cases under his 
care and for his help in the preparation of this paper. It is a pleasure to acknowledge the technical 
assistance of Messrs. A. McNeil and P. Aldred in preparing the antigen, Miss E. FitzGerald 
for her excellent secretarial help, and the Medical Illustration Department of the Institute of 
Ophthalmology for the illustrations. 
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PARTIAL CYCLECTOMY* 


BY 
H. B. STALLARD 
London 


SURGICAL exploration of part of the ciliary body is justifiable when gonio- 
scopic examination shows an extension of a malignant melanoma of the iris 
posteriorly into the filtration angle and probably into the ciliary body, and 
also in the case of a malignant melanoma arising in the ciliary body either 
in an only eye, or when the other eye has grossly defective vision through 
disease or amblyopia. Indeed the procedure seems reasonable whenever 
the affected eye still has good vision. 

Exposure of the ciliary body may be effected by reflecting either a three- 
sided scleral flap with a hinge posteriorly (Fig. 1) or two scleral flaps which 
open like panels (Fig. 2). 


Fic. 1.—Exposure of ciliary body by a Fic. 2.—Exposure of ciliary body by two scleral 


three-sided scleral flap. aps opening like panels. 


The advantage of the former is its simplicity, but the latter affords slightly 
better security through closure of 
one panel whilst excision of the 
neoplasm proceeds with the other 
panel reflected. The anterior incision 
of the scleral flap or flaps may con- 
form with the limbus, or (as advised 
by Prof. H. C. Miiller at the First 
North African Seminar, Tunis, 1959) 


it may pass as a straight line—a 


chord to a circle—vertically through 


Fic. 3.—Anterior incision through cornea about 1 2 . from 
1 to 2 mm, from the limbus, with three radial the ee about * — 
cuts in sclera. the limbus (Fig. 3). 





* Received for publication February 13, 1961. 
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The advantage of the latter route is that it may avoid touching the growih 
in the filtration angle; its disadvantage is slightly delayed healing compared 
with that of the limbal incision (Fig. 2) and the risk of epithelial downgrowth 
into a vertical corneal incision. Miiller advises three radial cuts in the sclera 
(Fig. 3), those on either side of the central incision diverging from the limbus, 
With this technique the two scleral panels may be reflected in turn posteriorly 


and closed in turn. Their purpose is to lessen the field of exposure during 
cyclectomy. 


Premedication.— Before operation miosis is necessary. 


Anaesthesia.—It is essential to reduce the intra-ocular pressure by Pentothal 
sodium, curare, and a retro-ocular injection of Xylocaine 2 per cent. 


Preparation.—The lids are retracted by Castroviejo’s lid screw-clamps. The 
conjunctiva is incised around the limbus for about half or more of its circum- 
ference, undermined as a hood flap, and retracted posteriorly by two traction 
sutures. Flieringa’s ring, useful as a preventive measure against vitreous loss, is 
placed so that its centre is over the site of the neoplasm. It is sutured at eight sites 
to the conjunctiva and episcleral tissue. Four of the sutures holding the ring are 
cut short and four are left long for fixation to the head towel (Fig. 2). The eye, 
and if necessary the head as well, is turned so that the site of the limbal and scleral 
incisions lies uppermost. 


Double Scleral Flap Incisions.—A radial scleral incision is made from the centre 
of the limbal incision in the antero-posterior axis of the neoplasm, the edges are 


retracted by scleral hooks and the incision deepened to the suprachoroidal lymph 
space. A limbal incision is then made ab externo with its centre over the neo- 
plasm and extended for at least 6 mm. on each side of it. Sutures are inserted 
into the corners and sides of the scleral flaps (Fig. 4) with a stay-knot at one end 
for quick closure after excision of the neoplasm. 


Fic. 4.—Insertion of sutures in scleral flaps, and cir- 
cumvallation of neoplasm by diathermy. 


Diathermy.—If, on reflexion of these scleral flaps or of a single flap, there are 
signs of pigment in the sclera in the region of the filtration angle this area is 
touched with a diathermy needle to produce electro-desiccation in any tumour 
cells. 
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If the extension into the ciliary body is only about 1 to 2 mm. and comprises 


a thin sheet of cells, it is, I think, justifiable to attempt the destruction of this 


small area by electro-desiccation with a fine diathermy needle and then to proceed 


to a wide iridectomy. If, however, the extension into the ciliary body is more than 
a thin sheet of cells, then the more formidable operation of partial cyclectomy is 


indicated. To reduce the risk of intra-ocular haemorrhage laevoglaucosan drops 
are instilled on to the ciliary body and the growth is thoroughly circumvallated 


with penetrating diathermy (Fig. 4). 
If at this stage there is some bulging of the ciliary body, portentous of vitreous prolapse, 


it is well to aspirate about 0-25 ml. vitreous through a diathermized site over the pars 


plana in the quadrant opposite to the neoplasm and to replace the aspirated vitreous at the 
end of the operation. A suture is passed through the edges of the scleral puncture; this 
is tied temporarily after the vitreous aspiration and is released to allow vitreous replace- 
ment at the end of the operation. 


Iridectomy with Partial Cyclectomy.—The corneal side of the limbal incision is 
lifted by a scleral hook and two plane iris forceps are passed through the incision 
one on each side of the neoplasm (Fig. 5); the iris is then grasped and drawn 
through the incision where radial cuts are made with de Weckers’s scissors from 
the pupil margin to the iris root on each side of the neoplasm (Fig. 6). 


Fic. 5.—IJnsertion of iris forceps each side Fic. 6.—Radial cuts with de Weckers’s 
of neoplasm. scissors from pupil margin to iris root. 


The cut portion of the iris, including the neoplasm, is now held in one pair of 
forceps whilst the blunt end of one blade of corneal scissors enters the circumlental 
space to cut the ciliary body through the diathermized zone (Fig. 7, overleaf). It is 
inevitable that some of the suspensory ligament at this site is severed. Care is taken 
not to touch the equator of the lens, and if possible to avoid damage to the hyaloid 
face by lifting the ciliary body from it as the scissors incision is being made. If any 
bleeding occurs in the line of resection the surgeon, to save delay in changing 
instruments, holds the tip of the scissors against the bleeding point whilst the 
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assistant touches the scissors with a coagulating diathermy terminal. It is gen: r- 
ally desirable to achieve the partial cyclectomy as expeditiously as possil le 
compatible with the utmost accuracy and care, and to close the scleral flap oy 
pulling on the sutures with stay-knots immediately the neoplasm is withdrawn 
from the eye. 


yi, 
( 


Fic. 7.—Insertion of blade of corneal scissors Fic. 8.—Closure of wound. 
into circumlental space. 


Closure of the Wound.—The stay-knots of the scleral sutures are now drawn 
forwards and cut off, and the sutures are tied. It is usually necessary to insert 
four or more corneo-scleral sutures in the limbal part of the incision (Fig. 8). 
Mattress sutures are now inserted on either side of the conjunctival hood flap and 
the first tie of a surgical knot is made in these. 


An iris repositor is inserted into the anterior chamber if it is necessary to dis- 
entangle part of the iris from the incision. Usually the iris retracts into its proper 


anatomical place. 


Sterile Air Injection —To keep the vitreous face away from the posterior surface 
of the cornea, sterile air is injected into the anterior chamber. The fine cannula 
is passed into one end of the limbal incision until it rests on the anterior surface 
of the iris, and then the injection of air is made fairly rapidly. If the injection of 
air is made with the cannula in the iris coloboma and the rate of injection is slow, 
air may pass behind the iris and so defeat the object of reforming the anterior 
chamber. 

Flieringa’s ring is then removed by cutting the eight sutures with a Bard-Parker 
knife. The conjunctival hood flap is drawn over the scleral and limbal incisions 
and the mattress sutures in it are tied. Atropine and chloramphenicol ointment 
are instilled into the conjunctival sac and dressings are applied to both eyes for 
48 hours, unless there is some contraindication to binocular occlusion. 
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Case Reports 


The following notes concern four patients with malignant melanoma of the ciliary 
body spreading to the iris root, who were treated surgically. 


Case 1, a woman aged 52, had a malignant melanoma of the choroid 14 mm. in diameter 
in the right eye (Fig. 9a); the visual acuity was counting fingers in the temporal field only. 

There was a malignant melanoma of the ciliary body infiltrating the iris root in the left 
eye (Fig. 9b), the visual acuity was 6/9 with glasses. 


Right 


(a) (b) 
Fic. 9.—Case 1. Malignant melanoma of choroid in right eye (a), and of ciliary body with 


infiltration of the iris in left eye (6). 


The patient was also suffering from disseminated sclerosis. 

On August 11, 1959, the right malignant melanoma was treated by a 15-mm. active 
diameter 3-12 mC. ®°Co disk sutured to the sclera over base of neoplasm. 

A partial cyclectomy was then performed in the left eye with a hinged scleral flap as in 
Fig. 1. A line of pigment in the filtration angle was treated with electro-desiccation. 
The malignant melanoma in the ciliary body was circumvallated with diathermy and after 
iridectomy the resection was made in the diathermized line. 

In the closing stage of the operation there was an anaesthetic embarrassment, the 
venous pressure in the head and the intra-ocular pressure rose so that about 2 minims 
of vitreous seeped through the wound and some blood oozed into the vitreous. The 
vitreous haemorrhage subsequently absorbed. 


Case 2, a woman aged 57, had a malignant melanoma of the ciliary body infiltrating 
the iris root in the upper nasal quadrant of the right eye. 

On November 4, 1959, partial cyclectomy was performed. Miéiiller’s vertical incision 
was made as a chord across the upper nasal quadrant about 1 to 1-5 mm. anterior to the 
limbus. Two corneo-scleral flaps (as in Fig. 2) were reflected, and the neoplasm was 
circumvallated by diathermy and removed without intra-ocular haemorrhage or 
vitreous loss. On January 26, 1960, a cystoid cicatrix was evident at the junction of the 
two corneo-scleral flaps. The visual acuity in the operated eye was 6/9. 


Case 3, a woman aged 42, had a leiomyoma of the iris pressing against the posterior corneal 
51 
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surface in the lower temporal quadrant of the right eye (Fig. 10a), but there was no sli:- 
lamp evidence of infiltration of the cornea. Extension into the ciliary body was suspect: d 
and was verified at operation. 

On May 13, 1960, a limbal incision was made from 5 to 11 o’clock, and from the cent-e 
of this a radial scleral incision as in Fig. 2. Fig. 10(6) shows the result after operatio.. 
The visual acuity in the right eye was 6/6 (pt) with — 0-75 D sph., +3 D cyl., axis 135°. 


ad S| - 


Fic. 10.—Case 3. Leiomyoma of iris and ciliary body (a). Post-operative appearance (5). 


Case 4, a woman aged 25, had a malignant melanoma of the ciliary body and iris in the lower 
nasal quadrant of the left eye. The neoplasm was exposed by the technique shown in Fig. 2. 
After reflecting the scleral flaps, there was some portentous bulging of t'+ ciliary body. 0-25 ml. 
vitreous was aspirated through a diathermized site over the pars plana of the ciliary body in the 
upper temporal quadrant. The scleral puncture was closed by a suture tied temporally. After 
partial irido-cyclectomy and closure of the incisions, the scleral suture in the upper temporal 
quadrant was released to allow replacement of the aspirated vitreous and was tied again after the 
needle was withdrawn. 

After operation the vitreous remained clear and the visual acuity with correction was 6/6 
(partly). Fig. 11 shows the post-operative appearance. 


Fic. 11.—Case 4. Malignant melanoma of 
ciliary body and iris root in left eye. Post- 
operative appearance. 


Summary 
The indications for partial cyclectomy, and important technical points 
designed to prevent, in particular, vitreous loss and intra-ocular haemorrhage 
are discussed. The details of four patients, so treated, are given. 


I thank Mr. S. J. H. Miller for referring Case 4 to me, and Dr. P. Hansell of the Medical Illus- 
tration Department of the Institute of Ophthalmology for the photographs. 


extent 
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UNUSUAL COLOBOMA OF THE OPTIC NERVE 
ENTRANCE* 


BY 


CHRISTOPHER PEDLER 
Department of Pathology, Institute of Ophthalmology, University of London 


DEVELOPMENTAL anomalies of the eye in the region of the optic disc are 
commonly divided into two groups: those in which failure of coaptation 
occurs within the optic nerve sheath and those showing lesions of the peri- 
papillary choroid or sclera. With the exception of the small holes sometimes 
seen on the anterior surface of the optic disc, which are probably related to 
aberrant formation of Bergmeister’s papilla, the first type is much the less 
frequent of the two, and probably all the anomalies in the second group are 
formed by imperfect closure of the foetal fissure with the result that they 
appear on a line running inferiorly from the rim of the optic disc to the 


equator. 
The following report describes a coloboma of the optic nerve entrance of 
unusual configuration which does not belong to either group. 


Case Report 


A male child aged 13 months was first seen because of a left convergent squint, and on 
subsequent examination, a mass was discovered in the neighbourhood of the optic disc. 
Under regular observation at intervals for 6 months, no significant changes were noted. 
In the seventh month after the first presentation, however, it was the opinion of a 
number of observers that the lesion was increasing in size and now resembled a glioma 
of the retina. In view of this opinion and the fact that the optic nerve-head was visibly 
involved, the eye was removed. 


Pathology 


MACROSCOPICAL APPEARANCES.—The eye was of normal shape and size and the only 
external abnormality noted was a symmetrical thickening of the optic nerve at its junction 
with the posterior sclera. There was no constriction at this point such as that typically 
associated with a glioma of the optic nerve. No retro-orbital cyst was present and no 
evidence of the foetal fissure could be seen with the unaided eye. 

The eye was opened by incision in the sagittal plane horizontally, when the optic nerve 
was seen to be surrounded by an approximately conical mass of firm greyish white tissue 
containing scattered pigment. The optic disc appeared to protrude forwards into the 
vitreous space. The pattern of the retinal vessels appeared macroscopically normal and 
no further abnormalities were noted at this stage. 

MICROSCOPICAL APPEARANCES.—The eye was embedded in celloidin and sections 
were cut at a thickness of 12 » through the entire disc region in order to delineate the total 
extent of the lesion and to understand its general shape. 





* Received for publication March 21, 1961. 
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Apart from the main lesion, oedema of the equatorial choroid and some evidence of 
posterior synechiae on the anterior surface of the lens, the structures of the eye were 
within normal limits histologically. No evidence was seen of other conditions occasic a- 
ally associated with colobomata of the optic nerve entrance (persistent hyaloid arte:y, 
opaque nerve fibres, lens opacities, or other colobomata of the choroid, macula, or iris). 

The general arrangement of the structures involved in the lesion is seen in Fig. 1, 
which is a horizontal section in the sagittal plane passing through the midline of the optic 
nerve in its longitudinal axis. It will be noted that the optic disc and cribriform plate are 
displaced posteriorly (A, Fig. 1). Normally, the plane of the discontinuous connective 
tissue forming the lamina cribrosa is approximately in line with the level of the sclera 
(Fig. 2, opposite), whereas in this case it was found at a point outside the external line of 
the globe. Furthermore, it was bowed posteriorly. There was therefore no true optic 
disc in the normal position and what must have appeared clinically as the physiological pit 
(B, Fig. 1) was in fact a conical hole formed by the inner surfaces of the retina becoming 
continuous as the optic disc was thrust backwards by the developing intra-ocular 
pressure. Adjacent to the false disc on the medial side, there was, in addition, a mass 
of disorganized and heavily gliosed retinal tissue (C, Fig. 1). On low-power microscopy, 
this appeared to be a simple retinal fold, but high-power examination revealed actual 
cellular proliferation probably originating from the two nuclear layers; together with 
numerous psammoma bodies, glial cells, and fibroblasts. The immediately adjacent 


Fic. 1.—Horizontal section in the sagittal plane through the midline of the optic nerve. 


Wilder’s silver diamino-hydroxide. x 15. 
A. Displaced lamina cribriformis. 
False physiologica) pit, formed by coapted internal surface of prolapsed retina. 


. Retinal fold containing aberrant retinal tissue. 
- Annular glial mass overlying scleral dehiscence. 
Normal choroid prolapsing through coloboma. 


. Unfused scleral extremity. 
. Thickened optic nerve sheath. 





UNUSUAL COLOBOMA OF OPTIC NERVE ENTRANCE 805 


Fic. 2.—A representation of the normal 
relations between sclera, choroid, retina, 
and optic nerve at the optic disc. 


retina showed two abnormalities: a marked gliosis of the stratum opticum, and an 
attenuation of the outer nuclear layer, together with a localized absence of the visual 
cells. The remainder of the retina including the central area was normally formed, but 
had undergone generalized atrophy, together with a slight replacement gliosis of the 
inner celllayers. There was, in addition, a paucity of retinal vessels. 

The choroid, with the exception of the peripheral oedema already mentioned, was 
normally formed, the vessels, stroma, pigment cells, and retinal pigment epithelium were 
all present and normal; the only intrinsic abnormality noted was a generalized thinning 
of Bruch’s membrane. At its posterior extremity, however, the entire thickness of the 
choroid had prolapsed through the coloboma to become continuous with the imperfectly 
formed optic nerve sheath (E, Fig. 1). 

The most severely affected tissue in this case was the sclera. Posteriorly, it had com- 
pletely failed to fuse with the optic nerve and its sheath, with the result that there was an 


annular space surrounding the optic nerve as it leaves the globe. This is best seen in 
Fig. 3 (also F, Fig. 1), where the end of the unfused sclera on one side is shown with the 


Fic. 3.—To show normal choroid pro- 


lapsing through the coloboma. The 
choroid passes downwards between the 
unfused end of the sclera on the right 


and the glia in the centre, to become 
continuous with a mass of fat and im- 


mature collagen. Wilder’s stain. x67. 
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choroid passing through the opening to become continuous with the imperfectly differe.1- 
tiated collagen surrounding the optic nerve. The fact that this space is annular and not 


a unilateral cleft was established by the examination of a large number of sections c.it 
through the entire disc region. In addition to the basic failure of coaptation described, 


the sclera also showed a marked lack of mature differentiation on its external aspect; tie 
normally precise outline of its outer surface being replaced by unorientated spindle ceils 


arranged in a coarse reticular form resembling embryonic mesenchyme. The optic 
nerve sheath was similarly affected and in addition to containing localized aggregations 


of fat, presented a loose areolar appearance, again suggestive of undifferentiated meso- 
dermal tissue (G, Fig. 1). 

The final component of this unusual lesion was formed by an annular mass overlying 
the scleral dehiscence separating the peripapillary retina from the prolapsed choroid 
(D, Fig. 1). It was composed of compact aggregations of glial cells, fibroblasts, vessels, 
and pigment-containing cells, set in a dense matrix of reticulin. The probability is that 
it originated from the retina rather than the choroid or sclera since, in some sections, 
there was a plane of cleavage between its outer surface and the choroid, whereas its inner 
aspect was intimately continuous with the retina. 

Finally, the optic nerve posterior to the displaced lamina cribrosa was grossly abnormal. 
The normally regular glial compartments separating the axon bundles were ruptured 


and distorted so that the nerve fibres pursued a totally irregular course. 


Discussion 

The first indication of alignment and orientation of the paraxial mesoderm 
surrounding the expanding optic vesicle is apparent at approximately the 
18-mm. stage and from this point onwards, scleral maturation proceeds 
until by the 150 to 180-mm. stage it is virtually complete. Collagen lamellae 
are first seen at the future insertion of the rectus muscles and, from this point, 
development proceeds forwards to the limbal region and posteriorly to the 
optic disc. If, therefore, any part of the sclera is to show localized congenital 
abnormality it is most likely to occur posteriorly, provided that the remain- 
der matures normally. The choroid, although developing from mesoderm 
immediately adjacent to the sclera, undergoes slightly earlier differentiation; 
the chorio-capillaris is apparent at the 65-mm. stage, and all layers are 
recognizable at the 140-mm. stage. It is therefore not surprising that almost 
fully-formed choroid protrudes into the coloboma. It is, of course, im- 
possible to be certain exactly when the intra-ocular pressure first develops, 
it could conceivably begin at an early stage, for the foetal fissure closes at 
14mm. _ There is however no differentiated ciliary body at this time and the 
canal of Schlemm is not seen clearly before the 60 to 65-mm. stage. Even 
if the intra-ocular pressure developed at a late stage of intra-uterine life, 
say at the 250-mm. stage, there would probably still be sufficient time for the 
gross displacements present in this case to be formed, for it may equally 
well be that although the train of events was begun in utero by the scleral 
failure, the actual deformity evolved gradually during the post-natal period 
as a result of the outward force exerted by the intra-ocular pressure. Fur- 
thermore, the scleral lesion itself may not have been the initial fault; 
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the primary abnormality may have occurred in the optic cup. For the 


sclera is not a self-determining structure, but exhibits the phenomenon of 
double assurance, and although the optic cup is not the sole determinant for 
the sclera, since a nodule of scleral tissue may develop in cases of anoph- 
thalmia, some support for the possibility is provided in this case by the 
presence of aberrant retinal tissue, 

To summarize, therefore, it is impossible to be certain of the precise order 
of intra-uterine events preceding the formation of this curious lesion. 
Most probably, the basic defect was a failure of maturation in the posterior 
sclera, possibly initiated by a derangement of the optic cup, so that normal 
fusion failed to occur and the peripapillary retina, optic disc, lamina crib- 
rosa, and posterior choroid were all driven posteriorly through the resultant 
hiatus (Fig. 4). 


Fic. 4.—To summarize the displacements present in this case: the sclera and 
optic nerve sheath have failed to form properly, with the result that the lamina 
cribrosa, retina, and choroid have been displaced posteriorly. This has caused 


the retina to invaginate, and to form a false physiological pit together with a 
mass Of glial tissue interposed between the scleral hiatus and the retina. 


1 should like to thank Mr. Norman Ashworth for permission to publish the clinical details of 
this case which was under his care. 
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ECTOPIC LACRIMAL GLANDULAR TISSUE WITHIN 
THE EYEBALL* 


BY 
RUSSELL DALLACHY 


From the Clinical Laboratories, Victoria Infirmary of Glasgow 


ALTHOUGH there are many small accessory lacrimal glands present in upper 
and lower eyelids, it is very uncommon for them to undergo adenomatous 
hyperplasia, and it is extremely rare for lacrimal glandular tissue to be 
found on or in the eyeball. An example of the second type of malformation 
is recorded in the present paper. It is the third case in which apparently 
normal lacrimal glandular tissue has formed a relatively large mass in the 


substance of the iris and ciliary body. Seven cases in which similar tissue 
occurred deep to the conjunctiva are also reviewed briefly. 


Case Report 


A female infant was first seen at the age of 2 months. The parents had noticed that the 
left eye had been abnormal since birth. 


Examination.—A pink, nodular, fleshy tumour was present in the anterior chamber of 
the left eye and occupied most of the upper nasal quadrant. It appeared to arise from the 
ciliary body. The appearance of the left optic fundus was normal. There was no increase 
in the size of the tumour over the ensuing 6 months. Diagnoses considered were leio- 
myoma of iris, neurofibroma, and diktyoma (medullo-epithelioma), but no firm conclusion 
was reached before operation. The appearances of the tumour just before it was 
excised are shown in Fig. 1. 


Fic. 1.—Clinical appearance of left 
eye immediately before local re- 
moval of lesion of iris and ciliary 
body. 





* Received for publication February 9, 1961. 
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Operation.—A conservative operation was performed, the tumour being removed locally 
with the adjacent portion of iris. The immediate post-operative result was satisfactory, 
but the eyeball began to shrink and enucleation was performed one month later. An 


artificial eye was fitted, and the socket was healthy 4 years later. 


Progress.—About 18 months after the eye had been enucleated, the patient was ad- 
mitted to the Royal Hospital for Sick Children, Glasgow, because of vague ill health. 
Tonsillectomy was performed, and while in hospital, she was found to have a patent ductus 
arteriosus, with a loud systolic murmur at the left sternal border, but no enlargement of 
the heart; the brachial blood pressure was 105/50 mm. Hg. The patient was transferred 


to Mearnskirk Hospital, where the patent ductus arteriosus was ligated; 3 years later, at 
the age of 5 years, the child was in good general health. 


Pathology.—The tumour was a soft pinkish mass, which was faintly translucent. It was 
quite firm and measured 8 x6 x4 mm. The posterior surface was covered by iris which 
was thin over the mid-zone of the tumour. The cut surface was smooth and was pale 
grey with a few dark grey dots. 

The microscopic appearances were those of ectopic lacrimal glandular tissue situated 
in the ciliary body and iris. The structure of this tissue was similar to that of the mature 
lacrimal gland (Fig. 2, and Figs 3 and 4, overleaf), consisting mostly of hollow acini 
with relatively few ducts. 

The acini, which varied slightly in size, had small central lumina. Each acinus 
was composed of a single layer of cuboidal or columnar epithelial cells which had well- 
defined cell membranes, finely granular acidophil cytoplasm, and rounded, coarsely 
granular nuclei at the base of the cells; the free borders of the cells had no cilia. The ducts 
were of moderate size and were lined by a single layer of epithelial cells which were lower 


Fic. 2a). —Ectopic lacrimal ‘quae tissue situaned istnediately poe to oe gostittor surface 
of the iris (from patient): the pigment epithelium on the posterior surface of tie iris runs trans- 
versely at the top of the photomicrograph. Haematoxylin and eosin. x 82-5. 


Fic. 2(b). — of normal lacrimal gland for comparison with Fig. 2a. Haematoxylin and 
eosin, x 
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Fic. 3(a). —-Biohopie lacrimal glandular tissue from iris of patient, showing n numerous acini which 
vary in size, are often irregular in outline, and have very little interstitial fibrous tissue. _Haema- 


toxylin and eosin. x 188. 
Fic. 3(6).—Section of normal lacrimal gland for comparison with Fig. 3a. Haematoxylin and 


eosin. x 188. 
than those of the acini. There was very little fibrous tissue between the acini and fat 
spaces were absent. There was no mucin secretion demonstrable by Southgate’s muci- 
carmine stain. Treatment of sections by the periodic acid-Schiff technique revealed 
droplets of Schiff-positive material within many of the cells lining the acini and !ving free 
in large pools in the ducts (Fig. 4, opposite). 
Discussion 
Frequency of Occurrence of Ectopic Lacrimal Glandular Tissue.—This 
tissue occurs rarely; the examples reported in the literature are listed in 
Table I, and it can be seen that each author has encountered only one case. 


TABLE I 


CASES OF ECTOPIC LACRIMAL GLANDULAR TISSUE IN VARIOUS SITES IN 
THE EYEBALL 





Site of Ectopic Lacrimal Glandular Tissue | No. of Cases Authors 





Francois and Rabaey (one 
On external surface of globe between E ; 
bulbar conjunctiva and sclera sto three others cited) 





On external surface of globe between Dame 
bulbar conjunctiva. and sclera, but ex- 
tending on to cornea Hughes and Ballen 





Bruce 
In iris and/or ciliary body Christensen and Anderson 
Present paper 














Total 
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ay 


Fic. 4(a).—Ectopic lacrimal glandular tissue from iris of 
patient, showing Schiff-positive (reddish-purple) material in 
the cytoplasm of the acinar epithelial cells towards the free 
borders and lying free within some of the acini. Periodic 


acid-Schiff. Ektachrome. x 220. 


> eee 2's). Sen: ae 26. cme. eee OO 


a 


Fic. 4(b).—Section of normal lacrimal gland for comparison: 
with Fig. 4a. Periodic acid-Schiff. Ektachrome. x 220. 
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In five patients, the lacrimal glandular tissue lay between the conjunctiva 
and the sclera, and in two others it extended forwards in the same tissue 
plane on to the cornea. In these seven patients, the lesion was first noticed 
at birth in one and in late childhood in another; operative removal was not 
undertaken until several years later (Table II). 


TABLE Il 


CASES OF ECTOPIC LACRIMAL GLANDULAR TISSUE OCCURRING DEEP TO 
THE CONJUNCTIVA, BUT NOT INVOLVING THE UVEAL TRACT 





Site Not Encroaching on Cornea Encroaching on Cornea 








Francois Hughes 
Authors Schirmer Duclos Drak and Boase Dame , 
Rabaey 


Date ay 1891 1921 1925 1951 1954 1946 








Sex Male _ —_ Female Female Male 
(Negro) (Negro) 





Age when Not 36 Lesion 13 At Birth 
abnormality first stated present 
noted (yrs) many yrs 


Age when first seen 25 36 30 28 23 
by ophthalmologist 
(yrs) 








Age at operation 25 36 30 28 23 
(yrs) 





Eye affected Left — Right Right Right Right 





Clinical Features 


Site of lesion Between Near plica Limbal Between One lesion | Two lesions 
insertion semi- conjunc- lica and | ininferior| in superior 
of medial | lunaris tiva, imbus temporal and 

rectus infero- quadrant inferior 
muscle d medial quad- 

and plica quadrant rants 
semi- 
lunaris 


| Size (mim.) 3x25x2 5x 3-5 


Operation Local Local Local Local Local 
removal removal removal removal removal 














Result of Follow-up No follow- Satis- No follow- | Satis- Satis- 
up factory up factory factory 


























In the three patients in whom the lesion occurred in the iris and ciliary 
body, the affected eye was noted to be abnormal at birth or shortly after- 
wards, and operation was performed soon after discovery; the oldest patient 
at the time of excision was 6 months (Table III, overleaf). 


Nomenclature of Lesion.—It is more accurate to call two of the intra-ocular 
lesions “‘collections of ectopic lacrimal glandular tissue’’, because they were 
present at birth and did not enlarge significantly during the period of observa- 
tion before operation (Bruce, 1952; and the present case). The patient 
described by Bruce (1952) was aged 2 months when first seen, local removal 
of the mass was effected 5 days later, and no increase in size was noted 
during that period. The case described in the present paper was observed for 
6 months before operation, and no increase in the size of the intra-ocular 
mass was seen during this period. The diagnosis of “‘intra-ocular adenoma” 
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TABLE III 


CASES IN WHICH ECTOPIC LACRIMAL GLANDULAR TISSUE OCCURRED IN THE 
ANTERIOR PORTION OF THE UVEAL TRACT 





Authors 


Bruce 


Christensen and 
Anderson 


Present Case 





Date 


1952 


1952 


1961 





Sex 


Not stated 


Female 





Age when 
abnormality first 
noted 


At birth 


Not stated 


At birth 





ophthalmologist 


Age when first seen by 


2 mths 


2 wks 


2 mths 





Physical findings 


Clinical Features 








Left eye: pinkish- 
white tumour in 
iris in lower nasal 
quadrant; 2 mm. 
normal iris inter- 
vened between 
temporal border of 
tumour and pupil; 
cystic area at upper 
and lower pole of 
tumour 


Left eye: temporal 
half of anterior 
chainber filled by 
semi-transparent 
cyst with small 
pinkish, globular, 
vascular body at 
centre of lateral 
border; attached to 
ciliary body 


Left eye: pink, 
nodular, fleshy 
tumour in superior 
nasal quadrant of 
anterior chamber, 
arising from ciliary 
body. No increase 
in size over ensu- 
ing 6 months 








Diagnosis 


No firm diagnosis 

Haemangioma, 
neurofibroma, and 
diktyoma con- 
sidered 


Diktyoma (medullo- 
epithelioma) 


Leiomyoma or 
diktyoma 








Interval between First 
Visit and Treatment 


5 days 


4 days 


6 mths 





Operation 


Local removal 


Enucleation 


Local removal 





Pathological Findings 





Ectopic normal 
lacrimal glandular 
tissue in iris 


Ectopic normal 
lacrimal glandular 
tissue in iris, ciliary 
body, and overlying 
sclera and con- 
junctiva; with 
dehiscence at junc- 
tion of cornea and 
sclera through 
which epithelium 
grows to line a cyst 
in the anterior 
chamber 


Ectopic lacrimal 
glandular tissue in 
iris and ciliary body 





Post-operative Treat- 
ment and Progress 





After 6 months, eye 
healthy with no 
recurrence 





None given 





Eye began to shrink 
several days after 
operation 

Enucleation 
performed 1 month 
later 

No recurrence of 
tumour after 5 years 
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in the patient reported by Christensen and Anderson (1952) seems justified. 
The abnormality, which was noted at birth, was first seen by these authors 
when the infant was 2 weeks old, and enlargement was obvious in the ensuing 
5 days before enucleation of the eye was performed. The increase in size 
was probably due to cellular proliferation; it might have been caused by the 
accumulation of secretion, but this latter supposition is unlikely since numer- 
ous lacrimal ducts communicated directly with the subconjunctival space. 


Evidence that the Tissue in the Iris is Ectopic Lacrimal Gland.—The 
histological structure of the “tumour” in the iris and ciliary body described 
in this paper is identical to that of the normal, mature lacrimal gland, a 
tubulo-alveolar exocrine gland which secretes a watery serous fluid; the 
microscopic structure and the secretion of the lacrimal gland closely resemble 
those of the parotid gland. Microscopically, the lacrimal gland consists of 
numerous alveoli lined by columnar or pyramidal cells resting on a basement 
membrane. The cells contain ovoid nuclei situated towards the base of the 
cells. In sections stained by haematoxylin and eosin, the cytoplasm of the 
resting cell is acidophil and contains numerous, small, clear vacuoles, which 
disappear when the cell secretes actively. These vacuoles (or, at least, some 
of them) contain Schiff-positive material (Fig. 4b) this material is also 
seen in the alveoli and in the excretory ducts. The excretory ducts are usually 
distinctly larger than the alveoli, and are lined by fairly tall columnar epi- 
thelium. The normal lacrimal gland contains a moderate amount of inter- 
stitial fibrous tissue and adipose tissue between the alveoli. 


None of the examples of ectopic intra-ocular lacrimal glandular tissue 
contains significant amounts of interstitial fibro-fatty tissue, but the general 
microscopic structure is identical with that of the normal gland. The size 
and distribution of the Schiff-positive material inside and outside the cells, 
which is demonstrated for the first time in this paper, is comparable with that 
in the normal gland. In the ectopic tissue, this material is present mainly 
towards the free borders of the cells and is seen as fairly large pools within 
the excretory ducts (Fig. 4a). This is probably due to the fact that there 
is no free outlet for the secretion. The control lacrimal gland and the tissue 
from Case 1 were also stained by Southgate’s mucicarmine method. No 
mucin was demonstrable in the lesion from the iris, and only a few minute 
droplets were seen in the control tissue. 

Embryological Considerations—The timetable of development in the following para- 
graphs is taken mainly from Hamilton, Boyd, and Mossman (1945): when the embryo is 
at the 5-mm. stage (35th day), the optic vesicle, which is continuous with the prosencephalon 
(derived from neural ectoderm), becomes invaginated distally to form the optic cup. At 
the same time, the ectoderm overlying the cup becomes thickened to form the lens placode; 
this sinks beneath the surface to become the lens vesicle at the 8-mm. stage (38th day). 
Mesenchyme which extends forwards into the space between the lens and the surface 
ectoderm gives rise to the cornea, sclera, and choroid. The iris and ciliary body are de- 
tived partly from this mesenchyme and partly from the adjacent neuroderm. At the 
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same time as the lens vesicle starts to form, the cavity of the optic vesicle, which w:s 
continuous with that of the prosencephalon, becomes constricted to form the optic sta: 
(subsequently the optic nerve). The optic cup is incomplete inferiorly at the foet.l 
(choroidal) fissure, which gradually becomes narrowed by the growth of its margins roui:d 
the blood vessels (central artery and vein of retina). Fusion of these margins starts at tie 
li-mm. stage (41st day) in the intermediate portion and extends proximally and distally, 
so that closure of the fissure is complete at the 15-mm. stage (45th day), and subsequent 
development of the iris, ciliary body, and choroid takes place when the uveal tract is 
completely enclosed within the eyeball. 

The eyelids appear as ectodermal folds at the {7-mm. stage (47th day). The lacrimal 
gland arises as a number of small solid epithelial buds from the conjunctival surface of tie 
outer part of the upper lid. These epithelial buds are first noted at the 25-mm. stage 
(55th day), but do not become differentiated into an actively functioning tubulo-alveolar 


gland with six to twelve excretory ducts until the fifth or sixth lunar month. 
Accessory lacrimal glands (of Krause) develop from the basal cells of the palpebral 


conjunctiva simultaneously with the main lacrimal gland; at birth, there are twenty to 
forty of these glands in the upper conjunctival fornix and six to eight in the lower. Other 
accessory lacrimal glands (of Wolfring-Ciaccio) are larger than those of Krause and are 
situated in the upper eyelid between the extremities of the tarsal sebaceous glands (Francois 
and Rabaey, 1951). Although these accessory lacrimal glands are fairly numerous, 
especially in the upper lid, hyperplasia or neoplasia is uncommon. The presence of 
Jacrima) glandular tissue in or deep to the bulbar conjunctiva or cornea is even more un- 


common, and as shown in Table J, only seven cases have been recorded. Similar tissue 
within the eyeball is extremely rare, and it is not understood how it can reach the iris and 


ciliary body. The period of rapid growth and differentiation in the embryo occurs 
between the 21st and 56th days. The choroidal (foetal) fissure normally closes during the 


third quarter of this period, about the 45th day, when the embryo is 15 mm. long. 


The first sign of a developing lacrimal gland is not seen until the end of the 
last quarter of the period, about the SSth day, when the embryo is 25 mm. 
long. Furthermore, there is a zone of mesenchyme interposed between the 
ectoderm and structures derived from it and the iris; cornea, sclera, and 
choroid develop from this mesenchyme. Lastly, the lacrimal gland is situated 
in the superior temporal guadrant of the orbit, while the choroidal (foetal) 
fissure is directed infero-medially, i.e. on the diametrically opposite pole of 
the orbit; on anatomica) grounds, a portion of lacrimal tissue, which was 
constricted and cut off by the closure of the fissure, as suggested by Bruce 
({952}, would presumably be found in the inferior nasal quadrant of the globe. 
In Bruce’s case the lesion was, in fact, in the inferior nasal quadrant, and in 
our case it was in the upper nasal quadrant; the patient described by Christ- 
ensen and Anderson (1952) had an extensive and complicated associated 
congenital defect. 


Results of Treatment.—lIn one case in which local removal was possible, no 
recurrence was reported after 6 months (Bruce, 1952). In the other (reported 
here), infection and shrinkage of the globe occurred after operation, and enu- 
cleation was necessary; there was no recurrence 5 years later. The patient 


described by Christensen and Anderson ({952) had a large complicated ocular 
defect when first seen, the tumour of the iris enlarged noticeably during the 
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ensuing 4 days, and enucleation was therefore carried out as the primary, 
definitive, operative procedure; the post-operative progress is not given. 


Coincident Congenital Anomalies.—The present case is the only one in 
which another congenital defect—patent ductus arteriosus—was found. 


This is the commonest congenital cardiac abnormality, and its occurrence in 
a patient who had the rare anomaly of congenital ectopic lacrimal tissue in 
the iris is probably fortuitous. 


Summary 
An infant who was born with a localized collection of lacrimal glandular 
tissue in the iris is described. This was removed locally when the patient was 


aged 8 months; owing to shrinkage of the globe, however, the eye was enu- 
cleated 4 weeks later. The patient was well 5 years later. 


The lesion consisted of apparently normal lacrimal giandular tissue, and 
showed evidence of secretory function. It differed from the normal gland in 
two respects: 

({) There was very little interacinar fibrous tissue; 
(ii) There were no fat cells. 


This is only the third recorded case of ectopic lacrimal glandular tissue 


occurring in the anterior portion of the uveal tract; there are five cases 
reported in which similar tissue was found on the surface of the globe between 


the bulbar conjunctiva and the sclera, and in another two cases the ectopic 


tissue extended on to the cornea. 

The iris and ciliary body complete their development within the globe after 
the optic cup and foetal (choroidal) fissure have closed about the 45th day of 
intra-uterine life. The first stages in development of the lacrimal gland are 
hot seen until about the 55th day, and active function is delayed until the 
Sth or 6th lunar month. Study of the present case and of the other two re- 
ports has not explained how lacrimal glandular tissue reached the uveal tract. 


Tam indebted to Dr. Robert Leishman, Consultant Ophthalmic Surgeon to the Victoria Infirmary 
of Glasgow, for access to clinical records and for permission to publish. Tam grateful to Dr. W. 
B, Davis for much helpful advice and criticism and to Mr, H. C, Gray, A.R.P.S., for assistance 
with the photography. 
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A SIMPLE OPERATION FOR PTERYGIUM* 


BY 


T. B. RANKINE 
General Hospital, Benin, Western Nigeria 


Ir 1s generally accepted that simple excision of pterygium (s an unsatisfactory 
procedure. Better results are obtained with transplantation operations— 
into the fornix conjunctivae or behind the caruncle. Still more satisfactory 
is the operation described by d’Ombrain (1948), in which the subconjunctival 
element of the pterygium is excised along with the epithelial portion of the 
head and neck and 2mm. of the body, a 4-mm. strip of sclera being left 
denuded of conjunctiva in order to allow epithelialization of the cornea to 
take place before the conjunctival blood vessel can encroach upon it. 

In practice, however, I have found certain objections to the d@’Ombrain 
operation: 

(i) The subconjunctival dissection can be very difficult to perform satisfac- 
torily, particularly in trachomatous patients with a shrunken vascular 
conjunctiva. 

(ii) It may also be difficult to leave an adequate zone of denuded sclera. This 
I have found particularly in Chinese patients who have small palpebral 
fissures and relatively enophthalmic eyes. 

Gil) Factors such as these, associated with the trauma inseparable from dissec- 
tion, tend to produce a proportion of cases in which a rather vascular 


conjunctival scar and a more or less marked degree of corneal vasculariza- 
tion render the cosmetic result somewhat disappointing. 


For some time now I have employed a procedure which, I think, makes 
the best both of transplantation and of the d’Ombrain method. 


(\) Anaesthesia with cocaine or Xylocaine drops is supplemented by | nl. 
2 per cent. Xylocaine injected deep to the pterygium and the caruncle. 

(2) The pterygium is dissected free from the cornea and sclerotic in the 
manner described by d’Ombrain, but the upper and iower conjunctival 


incisions are carried medially as far as the plica. 1 prefer to do the corneal 
dissection centrifugally rather than centripetally so that the knife is not 


obscured by the vascular pterygium. The body of the pterygium having 


been freed from the episcleral tissue, scissor spreading separates it from the 
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tissue overlying the medial rectus insertion. The head and neck of the 
pterygium are excised but the subepithelial dissection of the body is not done. 
Jnstead, the truncated pterygium is retroflexed behind the caruncle by means 
of a mattress suture of No. | silk passed through its tip and brought out just 
medial to the caruncle. 

(3) A rather large, quadrilateral area of bare sclerotic remains, being 
bounded by raw conjunctival edges above and below and by the epithelial 
surface of the retrofiexed pterygium medially. Two fine silk sutures are 
passed from before backwards through the pterygial border immediately 
above and below its mid-point. These are then passed through the upper 
and lower (conjunctival) borders at points just sufficiently lateral to their 
medial extremities to allow approximation of the conjunctival edges at the 
centre of the pterygial border. A smaller, triangular area of bare sclerotic 
now remains, bounded by raw conjunctival edges above and below. 

(4) Post-operative dressings incorporate a corticosteroid eye ointment. 
The eye is kept bandaged until the stitches are removed on the 6th day. 


Occasionally a small granuloma forms at the site of apposition of the con- 


junctival borders. This is always pedunculated and is easily removed with 
a snip of the scissors, the final cosmetic result being unimpaired. 


Summary 


An operation is described which combines the principal advantages of 
retrocaruncular transplantation and d’Ombrain’s pterygium operation. 


REFERENCE 
D’OMBRAIN, A. (1948). Brit. J. Ophthal., 32, 65. 
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CASE NOTES 
EARLY APPEARANCES OF AN OPEN RETINAL HOLE* 


BY 


DAVID ABRAMS anp KENNETH WYBAR 
Moorfields Eye Hospital, High Holborn 


Ir 1s widely held that “‘spontaneous”’ retinal detachment rarely, if ever, 
occurs without the presence of one or more open retinal holes and that the 
latter are causal, and not mere incidents, in the development of the detach- 
ment. The evidence in favour of this contention is to a large extent based 
on the knowledge that the closure of such holes is an essential step in the 
successful re-attachment of the retina, but it is also based more directly on 
the observation that an active change may occur within a localized part of 
the retina before the formation of any open hole and before the development 
of any detachment. It is the purpose of this communication to describe 
three such cases in which a retinal hole clearly preceded the retinal detach- 
ment. 


Case Reports 


Case 1, a married woman aged 60 years, had developed a retinal detachment of the right 
eye in 1945 during internment in a concentration camp in Germany, and operation was 
delayed until after her return to Holland in 1946. The retina was restored to its normal 
position by diathermy (by the late Professor Zeeman in Amsterdam), but in view of the 
extent of the detachment there was permanent loss of macular function and of a con- 
siderable area of the temporal field of vision. 

In October, 1957, during a visit to London, she suddenly became aware of spots in the 
vision of the left eye and one week later she attended the Casualty Department of Moor- 
fields Eye Hospital, High Holborn. She was found to have a small dark mass in the 
upper nasal quadrant of the retina in the region of the equator with two or three small 
retinal haemorrhages on its surface. This mass remained unchanged during the next 2 
days, but on the third day a small slit appeared at the inner border of the mass, and this 
extended 2 days later into a crescentic tear with the original dark area forming the oper- 
culum of an open retinal hole. One day later the retina surrounding the tear developed 
a slightly grey colour, an appearance suggestive of an early retinal detachment, and on 
the following day surface diathermy was applied to the sclera (six applications 60 ma. for 
5 sec., 16-18 mm. from the limbus at 10-11 o’clock). This was followed by closure of 
the hole and the retina became flat. 

In March, 1958, during a visit to Holland, she developed a further retinal hole in the left 
eye, on the nasal side of the previous tear, associated with a localized area of peripheral 
retinal detachment, but the detachment responded to operation by Professor Weve in 
Zeist. Since that time there has been no other change in the retina and the corrected 
vision has remained normal. 
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The refraction was - 6D sph. in the right eye and - 5 D sph., — 1 Dcyl., axis 180° in the 
left. 


Case 2, a man aged 58 years, became aware in August, 1958, of a small floating spot in the 
vision of the left eye which changed 2 days later into the appearance of many fine spots 
over a wide area of the visual field. These became concentrated. again into a more 
central cloud on the following day when he attended for consultation. The corrected 
visual acuity of the left eye was 6/9, but there was a fairly well-marked haze of the central 
part of the vitreous. A small greyish-blue mass was present in the lower temporal 
quadrant of the retina near the equator and there were two small retinal haemorrhages 
bordering the upper and lower edges of the mass. 

The corrected visual acuity of the right eye was 6/5 and the fundus was normal. 

The appearance of the mass in the left fundus remained unchanged, except for a slight 
increase in the extent of the retinal haemorrhages, until 3 weeks later, when a small tear 
became evident in the retina at the inner border of the mass and was followed within a 
few hours by the appearance of an obvious operculum. On the next day surface dia- 
thermy was applied to the sclera (five applications 6 ma. for 5 sec., 17-18 mm. from the 
limbus at 4-5 o’clock), and this resulted in closure of the hole without the development 
of any retinal detachment. The vitreous haze cleared within 4 weeks and normal central 
vision was restored. 

Since that time there has been no further change in the left eye, but in November, 
1959, the patient became aware of a wispy object in the temporal field of vision of the 
tight eye which was preceded by a sensation of flashes of light. This was followed in a 
few hours by the development of many scattered black spots over the whole field of the 
right vision, and on examination at that time, although the vision of the right eye could be 
corrected to a normal level, there was a large anterior vitreous opacity and a blue area in 
the retina near the equator in the upper nasal quadrant. 5 days later there was a 
suggestion of a small haemorrhage near the lower border of this area and, after a further 
5 days, the haemorrhage increased in amount and a crescentic retinal tear developed 
along the inner border of the affected area. 5 days later surface diathermy was 
applied to the sclera (seven applications 70 ma. for 5 sec., 15-17 mm. from the limbus at 
2-3 o’clock). This was followed by closure of the hole, and the retina remained fiat. 
Since that time there has been no further change in the right eye and the corrected vision 
has remained normal. 

The refraction was - 4-75 D sph., 1 D cyl., axis 115° in the right eye and - 4-75 D sph., 
-1Dcyl., axis 65° in the left. 


Case 3, a man aged 63 years, consulted one of us for a purely routine check of the 
refraction in May, 1959; on careful questioning he admitted to a vague awareness during 
the previous few weeks of a small spot in the lower part of the field of vision of the right 
eye which resembled a “‘monkey’s tail”. The visual acuity of both eyes could be cor- 
rected to a normal level, but a small opacity was found in the vitreous in the upper 
temporal quadrant of the right eye near the equator; this opacity appeared to be lying 
on the surface of the retina and on careful examination it proved to be an operculum with 
an open retinal crescentic tear along its inner margin. The patient was admitted to 
hospital the following day, when there was evidence of some retinal haemorrhage at the 
upper margin of the operculum and the tear had extended along its outer and inner 
margins. The retina surrounding the hole was very slightly detached. This detachment 
subsided after 3 days lying flat on the back, and surface diathermy was applied after that 
interval to the sclera (six applications 65 ma. for 5 sec., 14-16 mm. from the limbus at 
10.30-11.30 o’clock). This was followed by closure of the hole, and since that time the 
retina has remained flat and the corrected visual acuity has remained normal. 
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The left eye has been unaffected throughout the period of observation. 

The refraction was -6:25D sph., -0-50 D cyl., axis 140° in the right eye, and - 4-50 
D sph., -0-50 D cyl., axis 25° in the left. 

Discussion 

There is little doubt that, in each of the four incidents described in this 
paper, the retinal hole preceded the development of the retinal detachment, 
and that the formation of the hole was accompanied by an active change 
within the retina as shown by the discoloration and swelling of the affected 
area and by the development of frank retinal haemorrhage. It is likely, 
however, that the primary event in the formation of a retinal hole is a 
detachment of a localized part of the posterior vitreous face, so that traction 
of a vitreous band gradually produces elevation of a small retinal area. A 
continuation of this process results in a splitting of the retina at the junction 
of the detached area and the normal retina, and this leads to the development 
of a true detachment by the accumulation of fluid in the subretinal space. 
It follows, therefore, that a thorough examination of the fundus should be 
carried out in any patient with symptoms suggestive of a vitreous detach- 
ment, and that it should be repeated at frequent intervals if any area similar 
to those described in this paper is noticed, because this is likely to represent 
an area of impending retinal hole formation. In this way it may be possible 
to treat effectively early cases of retinal detachment simply by obliteration of 
the retinal hole using the method of surface diathermy or, more advan- 


tageously, the method of light-coagulation which was not available at the 
time when the three patients described in this paper were treated. 


Summary 


Four incidents of retinal detachment are described; in each case the 
formation of a retinal hole preceded any sign of a true detachment, and in 
three an active change within part of the retina preceded the hole formation. 
The importance of detailed and repeated fundus examinations in all patients 
with vitreous detachment is.stressed. 
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RING SARCOMA OF THE IRIS* 
BY 
E. S. PERKINS 
Institute of Ophthalmology, University of London 
AND 
J. A. MAGNUS 
County Hospital, York 


A tractor-driver aged 44 presented with a history of a ‘“‘shadow” over the left vision for 
the previous 5 or 6 months. For the last 2 weeks there had been some pain round the 
left eye. His general health was good and his weight steady. 

Ophthalmic examination showed the visual acuity to be 6/5 in the right eye and 6/9 in 
the left. The right eye was normal. The left eye was not injected and the cornea was 
clear. Examination with the slit-lamp microscope revealed slight epithelial oedema of the 
cornea with a very slight aqueous flare and a few floating bodies in the aqueous and some 
debris and cells on the posterior corneal surface. Two small nodules deep to the conjunc- 
tiva were noticed, one at 2 o’clock and one at 7 o’clock, some 5 to 7 mm. from the limbus. 

The iris presented a remarkable picture (Fig. 1). 


Fic. 1.—Appearance of iris, showing nodules. 


Numerous small nodules were scattered over the whole surface; these were approxi- 
mately 1-2 mm. in diameter and the stroma of the iris was atrophic with many new 
vessels. There was ectropion of the pigment epithelium at the pupillary margin. 
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The lens and vitreous were clear, and the disc showed slight cupping but no pallor. 
The ocular tension was 18 mm. Hg (SchiGtz) in the right eye and 59 mm. Hg in the left 
Gonioscopy revealed numerous nodules at the root of the iris lying on the trabeculae. 
The visual fields were full. 

General medical examination was negative. X-ray examination of the chest and hands 
showed no evidence of sarcoidosis. The urine was normal and the Wassermann reactior 
negative. The Mantoux reaction was negative, as were tests for toxoplasmosis and bru- 
cellosis. The erythrocyte sedimentation rate was 3 mm. in one hour. The blood count 
showed no abnormality and the albumin-globulin ratio was normal. 

The differential diagnosis was considered to lie between a nodular iritis (possibly 
sarcoidosis) and a neoplasm. 

A 32P test, done by Dr. F. Janus of the Manchester Royal Eye Hospital, showed an 
increased uptake on the left eye. Aqueous puncture produced a clear fluid and smears 
from the centrifuged deposit showed scanty granular debris. No cells were found. 

An iridencleisis was then performed to relieve the raised intra-ocular pressure and a 
small piece of iris was removed for examination. Prof. Norman Ashton, Director 
of the Department of Pathology, Institute of Ophthalmology, reported on the biopsy as 
follows: 

The whole of the iris biopsy is infiltrated with hyperchromatic spindle cells, many of which 
contain pigment, and they are also aggregated upon and immediately beneath the surface of the 
iris into small seedling tumours. This appears to be an extension into the iris tissue rather than 
the primary tumour, which I think we can be fairly certain remains behind, possibly in the ciliary 
region. Sections specially stained showed no evidence of myoglial fibres of smooth muscle so 
that this must be categorized as a malignant melanoma of the uvea. 


The eye was then enucieated and sent to Prof. Ashton, who reported: 


‘Sections of the whole eye show a ‘ring sarcoma’ of the iris which is spindle cell in type, 
lightly pigmented, and devoid of reticulin (Fig. 2). The filtration angles on both sides are blocked 
by a solid mass of growth, and malignant cells extend into the trabecular meshwork, Schlemm’s 
canal, and the collector channels to form small deposits beneath the conjunctiva. Growth is also 
present in the ciliary body on both sides of the section, and on one side it is particularly dense, 
suggesting a possible site of origin. 


Fic. 2.—Section of eye, showing ring sarcoma. x9. 


The most remarkable feature of the neoplastic distribution is the presence of numerous seed- 
ling tumours of varying size throughout the iris stroma and upon its surface, where small nodular 
tumours have formed (Fig. 3, opposite). 

In some sections the iridencleisis operation is evident and iris tissue containing islands of 
malignant growth can be seen folded within the limbal tissue. From this incarcerated iris fold 
malignant cells have extended into the episclera. In one section a small deposit is present in 
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the outer third of the cornea and there is an overlying subepithelial haemorrhage. The remain- 
der of the eye shows no significant histological abnormality.” 


Fic. 3.—Iris nodule. x45. 


Comment 


Melanomata of the iris are uncommon and non-pigmented tumours even 
rarer. Duke-Elder and Stallard (1930), in reporting a case, were able to 
find 25 cases of leucosarcoma in the literature. Although it is clear from the 
pathological report that the lesion in this case started as a ring sarcoma, 
there was no clinical evidence of the usual tyre-shaped bulge and the picture 
was dominated by the numerous seedling tumours on the surface of the iris. 
The extension of the tumour into the collector channels accounts for the two 
nodules noticed beneath the conjunctiva. 

The 32P test showed an increased uptake in some quadrants of the left eye 
but, as the detailed counts showed large variations in the normal eye, the 
result was doubtful and the overall increase in count on the affected eye 
could have been due to the vascularity of the iris. 


Summary 


A case of “‘ring sarcoma” of the iris is reported; the clinical appearance 
was of nodular, non-pigmented lesions on the surface and in the stroma of 
the iris with secondary glaucoma. 


We are most grateful to Prof. Norman Ashton and Dr. C. M. H. Pedler of the Department of 
Pathology, Institute of Ophthalmology, for supplying the pathological reports and photomicro- 
graphs, and to the Medical Illustration Department for the drawing of the iris. 
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MYCOTIC KERATITIS* 


BY 


A. D. GROVER} anp K. C. AGARWAL 
Institute of Ophthalmology, Muslim University, Aligarh, India 


Since the use of corticosteroids and the broad-spectrum antibiotics became 
widespread, fungus infections are becoming increasingly common. The 
rising incidence of keratomycosis has been well brought out by Haggerty 
and Zimmerman (1958) in their review of the records of the Registry of 
Ophthalmic Pathology; there were three cases (1 in 11,329) from 1933 to 
1951, and thirteen (1 in 777) between 1952 and 1956. According to Ley and 
Sanders (1956), Mitsui and Hanabusa (1955), and Thygeson, Hogan, and 
Kimura (1953), fungus keratitis should be suspected in chronic hypopyon 
ulcers that have received prolonged local instillations of antibiotics and/or 
corticosteroids. In most of the cases so far reported, the diagnosis of fungus 
keratitis was established by histological examination; Ley and Sanders 
(1956), Veirs and Davis (1958), and Zimmerman and Gibson (1958). Mitsui 
and Hanabusa (1955) were able to identify fungus from the corneal lesion in 
their four cases. 

The two cases reported here are of interest in that fungus infection was 
suspected from the biomicroscopic appearance of the corneal ulcers and that 


the fungus was subsequently isolated. 


Case Reports 


Case 1, a 50-year-old male farmer, complained of redness and severe pain in the right 
eye for 5 days. There was no history of trauma or of any medication. 


Examination —There was a superficial corneal ulcer in the central third of the cornea 
and the ocular tension appeared to be raised. Culture could not be done as the patient 
was in agony. 

Treatment.—Terramycin ointment was applied and the eye bandaged, and Diamox 
250 mg. 8-hrly was given. The next morning the patient felt comfortable, and cultures 
were taken from the conjunctival sac, and the base and the edges of the ulcer. The 
lacrimal passages were patent. Theculture showed only Staphylococcus albus (coagulase- 
negative). 

Progress.—Diamox and terramycin ointment were continued and the staining of the 
ulcer was negative on the 6th day, but 4 days later the patient had a relapse of severe 
pain. There was again staining of cornea and raised intra-ocular pressure. The same 
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treatment was given and the patient felt comfortable after 2 days. At this stage slit- 
lamp examination revealed a superficial corneal ulcer occupying the central third of the 
cornea with irregular margins delineated by sub-epithelial yellow granular deposits. The 
base of the ulcer had a dry and crumbly appearance, and there was trachomatous pannus. 

Fungus infection of the cornea was suspected, and material for culture was taken by 
p’atinum loop and inoculated on Sabouraud and Maconkey’s agar media. The patient 
was given Nystatin (Mycostatin: Squibb) and terramycin eye ointment thrice daily. The 
staining of the cornea was negative in 10 days but the sub-epithelial yellow deposits 


persisted, and no fungus was isolated. 
The epithelium again broke down 2 days later and the symptoms recurred. This time 


the yellow material was scraped out with a spud and a wet smear and culture on 
Sabouraud’s medium, blood agar, and Maconkey agar were taken. The smear did not 
show fungus. ‘The culture examination revealed opaque greyish heaped-up colonies 
which were radially furrowed, and were identified as Trichophyton sabouraudi. 

Extensive iodine cautery of the ulcer was repeated every Sth day. 

Result.—The ulcer healed in 5 weeks leaving behind a dense leucoma. 


Case 2, a 30-year-old male farmer, had his left eye injured by his child’s finger. On the 


3rd day after the injury he felt some irritation and pain and applied some indigenous 
medicine but the trouble increased. On the Sth day he consulted a doctor who diagnosed 


a corneal ulcer. Terramycin and atropine ointments were applied but without much 
improvement; subconjunctival injections of penicillin and streptomycin were also given 
every alternate day for 20 days, but the ulcer increased. Vitamins C, B;, and A were 
given orally without effect. The case was referred to us after being treated in this way 
for about 5 weeks. 

Examination.—A corneal ulcer occupied the central 3/4 of the cornea. The margins 


of the ulcer were irregular and the base appeared as a sloughing raised mass. The 
peripheral rim of the cornea was vascularized. Hypopyon filled the lower third of 


anterior chamber and the ocular tension was fairly high. Cultures, taken from the lower 
fornix, and the base and the edges of the ulcer, showed only Staphylococcus albus (coagu- 
lase-negative). 

Treatment.—Diamox 250 mg. was given 12-hrly and 1 per cent. atropine ointment and 
penicillin-streptomycin-gelatine discs (Grover, 1961) were applied locally thrice daily, 
Paracentesis was done on alternate days. 


Progress.—There was no appreciable improvement in the local condition after one 


week of treatment. On slit-lamp examination a dry, grey, granular, raised mass was seen 
to occupy the base of the ulcer, being separated from the periphery by a shallow irregular 


gutter. 
Fungus keratitis was suspected and the material for bacteriological examination was 


scraped with a spud and cultured on Sabouraud’s medium, blood agar, and Maconkey 
agar. 

The smear from the scraping showed Pseudomycelia, and the culture examination 
revealed Candida albicans (Monilia). Nystatin (Mycostatin: Squibb) ointment was 


applied but a local allergic reaction developed. Scarification and iodine cautery of the 
ulcer was done every fifth day. 


Result.—After two cauteries the ulcer started to improve and it healed in 10 weeks’ time 
leaving behind a total leucoma. 


Comment 


These two cases of fungus infection of the cornea were detected while 
carrying out a clinico-bacteriological study of 964 cases of corneal ulcer 
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attending the Gandhi Eye Hospital during the period May, 1959, to April 
1960. The following atypical points found in these cases led us to suspec: 
fungus infection: 

(i) Lack of response to the routine treatment given to other cases. 

(ii) Repeated negative cultures from the material removed by the platinum loop. 


(iii) Biomicroscopic picture different from the usual appearance of bacterial corneal 
ulcers. 





The slit-lamp examination in the first case revealed an almost classical 
picture of the keratomycosis caused by Aspergillus fumigatus (Duke-Elder, 
1938): “‘Grey, ulcerative necrosis with a dull dry surface, surrounded by a 
yellow line of demarcation.” In the second case of chronic hypopyon ulcer, 
there was a dry, grey, granular, raised mass at the base separated from the 
margins by a shallow groove. Both patients had raised ocular tension. 
Fungus was identified in each case from the material scraped from the base 
and margins of the ulcer. 


The first case had no history of trauma or of any local medication. The 
fungus cultured from it was identified as belonging to the Genus 7richopy/on, 
which produces ringworm of the skin, a common infection in this part of 
India. When the skin around the eye is already affected, ringworm may 
occasionally invade the conjunctiva and produce conjunctivitis. This fungus 
has, however, been reported as occurring exclusively in the conjunctival sac 
without skin involvement (Deuchler, 1930). Conjunctivitis may also occur 
in association with trichophytic infection of the scalp and may spread to the 
cornea (Milian and Lelong, 1923). Mitsui and Hanabusa (1955) cultured 
this fungus from a normal conjunctival sac in a series of 65 normal control 
eyes. In our case there was no ringworm of the face or scalp, but the rest 
of the body was not thoroughly examined for it. It is probable that the 
patient had ringworm somewhere on his body and had infected the eye by 
soiled fingers. The keratitis produced by Zrichophyton resembled that of 
Aspergillosus in its clinical appearance, except for the absence of hypopyon 
which might have developed if the case had been left untreated. 

In the second case there was a history of trauma and 5 weeks’ treatment 


with oxytetracycline and subconjunctival penicillin-streptomycin injections. 
The fungus identified was Candida albicans; it may be saprophyte in the 
eye, but its virulence is enhanced (Seligmann, 1953) and the chance of corneal 
infection is increased by the use of oxytetracycline (Ley and Sanders, 1956). 
In this case Candida albicans might have been the primary causative organism 
introduced by trauma or the prolonged use of antibiotics may have en- 
couraged a fungus which may have already been present in the conjunctival 
sac, 

The value of Nystatin in the first case was very doubtful, and in the 
second it gave-rise to an allergic reaction. Montana and Sery (1958) have 
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demonstrated that Nystatin has little or no therapeutic value in established 
infections of the rabbit cornea produced by Candida albicans. 


Repeated scarification of the base and margins of the ulcer followed by 
iodine cautery controlled the infection in each case. 


Our thanks are due to Chief Medical Officer, Gandhi Eye Hospital, Aligarh, for permission to 
publish these cases. 
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MYCO7IC KERATITIS CAUSED BY ASPERGILLUS 
FUMIGATUS* 


BY 


E. BALAKRISHNAN 
Government Ophthalmic Hospital, Madras, India 


It is not uncommon to find infections of the cornea with varied organisms of 
the soil in South India, where agriculture is the main occupation of the people, 
and mycotic keratitis is often encountered in ophthalmic practice. 


Case Report 


A farmer aged 50 years was admitted to the Government Ophthalmic Hospital, Madras, 
on September 26, 1960, with pain and loss of vision of 3 days’ duration in the right eye. 
Examination 
Right Eye: Corneal hypopyon ulcer. Visual acuity perception of light. Lacrimal 
passage free. 


Left Eye: Visual acuity 6/6. Anterior segment and fundus normal. 


The following routine treatment was given for one week: subconjunctival injections of 
crystalline penicillin 100,000 units, local atropine, terramycin ointment and bandage, and 
sulphadiazine 4 g. daily in divided doses with alkalis. There was no improvement. 


The case was then reviewed by the author and the following clinical picture was observed: 


Right Eye: Corneal ulcer 6-5 mm. diameter, faintly yellow with an irregular round 
border (Fig. 1). The centre of the ulcer was necrosed but the surrounding cornea was 
clear. 


Fic. 1.—Appearance of corneal ulcer in right eye. 





* Received for publication November 28, 1960. 
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A small hypopyon occupied the bottom of the anterior chamber. Slip-lamp exam- 
ination showed necrosis of the epithelial layers, with infiltration and swelling of Bow- 
man’s membrane and the substantia propria. Swollen tissues were arranged irregularly 
as round yellowish plaques one above the other. A few dark brown spots were seen on 
the surface in the centre, and the substantia propria was infiltrated around the ulcer. 
There was nothing characteristic in the hypopyon. 


A fungal infection was suspected and a history of dust entering the right eye 2 days 
previously was elicited. The patient had applied gingelly oil from a open vessel, as a 
soothing agent, and next morning acute pain had developed with gross loss of vision. 


The family history was negative, and chest x rays, tests for venereal disease, and urine 
analysis showed nothing abnormal. 
All local treatment was stopped and the eye was irrigated with normal saline for 3 days. 


On the 4th day, the ulcer was scraped and inoculated into Sabouraud’s glucose medium, 
and Aspergillus fumigatus was grown on primary culture (Fig. 2). 


Fic. 2.—Culture of Aspergillus fumigatus. 


Treatment.—Nystatin tablets (Mycostatin, Squibb, 1 tablet = 500,000 units) were given 
3 times a day for 8 days. No antifungal ophthalmic ointment was available. Atropine 
was applied locally once a day and the eye bandaged. 


Result.—On the 2nd day after starting the treatment the hypopyon was absorbed, and 
on the 8th day the ulcer had healed completely leaving a dense leucoma, and the patient 
was completely relieved of pain. A slit-lamp examination on October 18, 1960, showed a 
corneal leucoma with a faint yellow irregular margin. The centre of the leucoma ap- 
peared as a series of laminated white plaques with concentric rings, arranged one above 
the other. A small brownish area occupied the centre of the surface of the leucoma. The 
pupil was dilated because of the atropine, and the lens was cataractous and milky-white 
but could not be examined in detail because of the large leucoma. The ocular tension 
was normal, and the visual acuity had improved to hand movements. The patient 
was discharged with instructions to report after 4 weeks for surgical treatment. 





E. BALAKRISHNAN §- 
Discussion 
The following points are of interest in this case: 

(1) The source of infection with Aspergillus fumigatus may have been the 
dust or the oil from an open vessel. 

(2) The ulcer healed completely with systemic Nystatin therapy and no 
antifungal ointment was used. Probably the Aspergillus fumigatus has an 
endotoxin, which was neutralized by the Nystatin. 

(3) A complicated cataract developed within 20 days, suggesting that the 
fungus acted on the intra-ocular structures by its endotoxin. 


It is important to include the possibility of fungal infection so as to institute 
proper treatment before the cornea is irreversibly damaged. 


I should like to thank Mr. T. K. Ramachandra Reddy, for culturing the Aspergillus fumigatus, 
and Dr. T. T. Ramalingam, Superintendent of Government Ophthalmic Hospital, Madras, for 
permission to publish this case. 


BIBLIOGRAPHY 


es G. C. (1952). ‘Medical Mycology: An Introduction to its Problems”, p.9. Pitman, 

London. 

ANDERSON, B., ROBERTS, S. S., Jr., GONZALEZ, C., and Cuick, E. W. (1959). A.M.A. Arch. 
Ophthal., 62, 169. 

BERLINER, M. L. (1949). “‘Biomicroscopy of the Eye”, vol. 1, p. 531. Hoeber, New York. 

Reese, E. T., CREVETZ, H., and MANDELS, G. R. (1955). Farlowia, 4, 409. 








Brit. J. Ophthal. (1961) 45, 831. 


BOOK REVIEWS 


A System of Ophthalmology. Vol. 2. The Anatomy of the Visual System. By STEWART 
DUKE-ELDER and KENNETH C. WyBAR. 1961. Pp. 901; 842 figs. Kimpton, 
London. (£6 10s.) 

The ‘“‘Anatomy of the Visual System’’ is with us, and what can a reviewer do but 
praise it without reserve? This is the second volume of the System of Ophthalmology 
which is edited by Sir Stewart Duke-Elder with the help of a younger colleague from the 
Institute of Ophthalmology of the University of London—in this case Kenneth Wybar— 
and the standard is set for his future collaborators on the highest pinnacle. 

Although the subject matter is the Anatomy of the Visual System, this production is 
more than a mere record of isolated observations. There is a deep understanding of the 
nature of an accepted fact as the product of effort, time, energy, thought, and often 
ingenuity on the part of some individual or individuals. There are sketches throughout 
the book of the characters of the main authorities, and an excellent introduction to show 
how slow and halting was the early conquest of anatomical knowledge. The reader is 
impressed by the restless urge of man in his abiding task of patient observation with 
accurate assessment and reassessment of conflicting evidence, all set in a discipline of 
scientific enquiry. It makes one proud of one’s membership of scientific humanity, and 
prouder still to be associated in the humblest way with scientific ophthalmology. 

A mastery of the technique of compilation and collating is evident on every page. 
The classification itself of this huge subject is almost breathtaking. Profusely illustrated 
and indexed, it forms a reference book of the highest quality, but any section taken on 
its own unfolds a story flowing with its own momentum in impeccable language, so that 
the text reads like a work of literary art, smoothing the difficult aspects of the subject 
into a uniform deceptive simplicity. 

We are indeed grateful for this stupendous task completed. May it reach all corners 
of the globe, for every country has made its contribution, and may it stimulate within 
every reader an awareness of the oneness of mankind in facing the challenge of its only 
real enemy—ignorance. What an inheritance is ours, perhaps to be ignored while we 
bicker our lives away, perhaps to be used as a foundation for future advancement. The 
latter choice is made easier by this great work; the decision remains entirely our own. 


Uveitis and Toxoplasmosis. By E. S. PERKINS. 1961. Pp. 142, 18 figs (8 col.), bibl. 
Churchill, London. (30s.) 

This book is, in the first place, an account of 1,718 cases of uveitis which have been 
examined at the Institute of Ophthalmology in London. It analyses the aetiology realistic- 
ally, departing from the recognized list of causes and emphasizing those which have 
been found to be significant in the analysis of the cases examined: Reiter’s disease, 
sarcoid, heterochromic cyclitis, and toxoplasmosis. The last is described in detail and 
the significance of this important cause of uveitis is emphasized. The treatment of uveitis, 
other than that of toxoplasmosis, is not considered, and no reference is made to the 
cemplications of the disease which have such an important influence upon the prognosis. 
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Advances in Thyroid Research. IV International Goitre Conference, 1961. Edited b; 
R. Prrt-Rivers. Pp. 537, many figs, bibls. Pergamon Press, London. (6 guineas). 
Two chapters in this volume are devoted to the ophthalmic asrpscts of thyroid dys. 
function. One is an account of experimental exophthalmos produced in rats by Mila; 
and Augustin from Bucharest. Their findings are not conclusive and do not appear to 
have any immediate clinical significance. The chapter by Bartels and Irie (Lahey Clinic, 
Boston) on thyroid function in progressive exophthalmos is a factual account of their 
findings in a survey of 117 patients whose exophthalmos was severe enough to require 
surgical treatment; in some the exophthalmos appeared to progress rapidly when the 
hyperthyroidism was treated but, in another group, treatment of hyperthyroidism did not 
seem to accelerate the worsening of the eye condition. No new facts are presented and 
on the whole the chapter is disappointing. It is also marred by misprints, one of which 
is confusing (p. 165, line 5, Aypothyroidism should presumably read hyperthyroidism). 


Brockhaus A.B.C. of Optics. Edited by K. Mirze. 1961. Pp. 968, 1,600 figs. Brock- 
haus, Leipzig. (D.M. 37.40; £3 4s. 2d.). 

This is a very full and very good encyclopaedia of optics interpreted in the widest sense. 
It includes physical and physiological optics, optical instruments, spectroscopy, lumi- 
nescence, photography, colour vision, ophthalmic optics, optical perception, and ophthal- 
mology. The articles are frequently short and concise, often comprising little more than 
a definition, but many are of considerable length and, where necessary for clarification, 
fully illustrated ; the section on colour vision, for example, occupies seven pages, and those 
on stereomicroscopy, stereophotography, stereoscopes, and stereoscopic vision, ten each. 
The book forms a very valuable source of reference. 


NOTES 


XIX INTERNATIONAL CONGRESS OF OPHTHALMOLOGY 
New Delhi, December, 1962 


The Faculty of Ophthalmologists has set aside a sum of money to help to meet the 
expenses of suitable British ophthalmologists who are taking part in the scientific pro- 
gramme of this Congress. 

Applications for a grant, which should include a note of the applicant’s contribution 
to the Congress, should be made to the Treasurer of the Faculty of Ophthalmologists, 

45, Lincoln’s Inn Fields, 
London, W.C.2 
before December 31, 1961. 


CORRIGENDUM 


It is regretted that the letter from Mr. Frederick Ridley which appeared in the September 
issue (Brit. J. Ophthal., 1961, 45, 631) was mistakenly titled. The heading should read ‘‘ Eye- 
rubbing and Keratoconus.” There is no reference to Contact Lenses. 
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—Amsler Charts Manual 


Seven charts insub- 


stantially bound 
book with set of 50 
recording charts 
on tear-off pad, 
and full instruc- 
tions for their use 
by Professor 
Amsler. 


These charts, designed by Professor Marc Amsler of Ziirich, make 
it possible to detect, localise, and analyse the visual functional dis- 
turbances (metamorphopsia, relative scotoma) which accompany the 
beginning and evolution of maculopathies. Many functional disturbances 
affecting the central and paracentral region of the field escape the usual 
quantitative test of central vision since it does not really bring into account 
the quality of the visual trouble. By means of these charts and the method 
and technique of examination described by Professor Amsler such qualita- 
tive measurements are easily made. 


Note.—Spanish, French and German editions are available at same price. 


‘THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|1. 
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Melsom Wingate Ltd 
DISPENSING OPTICIANS 


[8 NEW CAVENDISH STREET 


LONDON W.lI. 
TELEPHONE: WELbeck 8710 





THE WINGATE 
TEMPLE-REST” 
SPECTACLE 


“It hurts me on my nose” 


For years these words have wrung the 
hearts of opticians throughout the 
world but they present no problem at a 
MELSON WINGATE branch 


“Would you like a frame that does not touch the nose?” 
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Toledo by Clement Clarke 


Accurate dispensing... 
individual styling 


Service to the Consultant and his patient is 
available through forty-six branches. 


CLEMENT CLAREE LTD. 
WIGMORE STREET, LONDON, W.1. Telephone: LANgham 2242 
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Harcourt by Clement Clarke 


Accurate dispensing... 


individual styling 
Service to the Consultant and his patient is 
available through forty-six branches 


OLEMENT OLAREE! LTD. 
WIGMORE STREET, LONDON, W.1. Telephone: LANgham 2242 
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1° PANTOSCOPE 


ACCLAIMED BY MANY PRACTITIONERS AS 
THE FINEST INSTRUMENT FOR POWERFUL 
PRECISION OPHTHALMOSCOPY 











se 

















Introduced to the profession almost ten years ago, 





today the PANTOSCOPE still remains the first 
choice for the ophthaimologist who values the finest 
multi-purpose ophthalmoscope available. 


SPECIFICATION 


Direct or indirect ophthalmoscopy by polarised, 
red-free or natural light. 


Intense 12-watt light. 


Variable control for projected slit examination 
of cornea and anterior chamber. 


Wide-angle field with high myopes. 
Lenses +30D. to —50D. 


Illuminated dial with presbyopic viewer. 


+ + +e + H+ 


With small pupils and cloudy media, the 
PANTOSCOPE permits a critical examination 
that has been hitherto impossible with con- 
ventional ophthalmoscopes. 


















39 WIGMORE ST., Feslon LONDON, W.I. 


Telephone: WELbeck 8512 
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a PT ED 
WE PRESENT OUR COMPREHENSIVE SERVICE FOR 


CONSULTING-ROOM EQUIPMENT 


LAY-OUT, INSTALLATION, RE-WIRING, MAINTENANCE 














MANY ITEMS OF CONTEMPORARY 
EQUIPMENT AVAILABLE FROM 
STOCK OR OBTAINABLE FOR 
APPROVAL AT SHORT NOTICE 


Telephone: HUNter 0633 


Sterekes Martin 


INSTRUMENT DEPARTMENT 





6 .NEW 








MEMBERS OF THE GUILD OF BRITISH DISPENSING OPTICIANS 
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Cc. W. DIXEY & SON LTD 
19 WIGMORE STREET - LONDON W.1 


Established 1777 TELEPHONE: LANGHAM 1713 


Dispensing Ophthalmic 
Opticians Instrument Makers 
i ¥ 
‘ ¥ 

« 


7 

















D1190 DII91 





D 1190 & D1191. Barraquer’s Brushes, small and large, boilable. 


D609. Barraquer’s needleholder, latest model. 
D 1203. Barraquer’s Colibri Forceps, for corneal suturing, etc. 


D440. Erisiphake (cup made to the Barraquer specification). 


Catalogue sent on request. 
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C. W. DIXEY & SON LTD 


19 WIGMORE STREET - LONDON W.1. 


TELEPHONE: LANGHAM 1713 





Introducing the NEW 
DIXEY ERISIPHAKE PUMP 


This unit has been specially developed to give consistent and reliable 
operation for long periods with the minimum of attention. 

It incorporates a hardened and ground stainless precision gear pump 
and a unique oiling system which ensures that the pump is always 
working under optimum conditions. 

It is supplied complete in carrying case with footswitch, Barraquer 
Cannula-handle and rubber tubing and is suitable for operation on AC 
or DC mains. 


We shall be pleased to supply further details on request. 
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| MK Optical Dispensing ... 
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HAA 
| -The Highest Standards of 










































BOOOOO 








tr 
hip 


OO OO 
OOOO OOOO) 
OOOO OOOO OOOO 















































| 


120 YEARS OF UNBROKEN SERVICE 


The firm of Alfred Hawes was established in 1840, and 
is actively controlled today by descendants of the 
Founder. 

Up-to-date techniques and this long experience enable 
us to offer the widest possible service, but we have never 


departed from the tradition of personal attention to 
individual requirements. 

That tradition is faithfully maintained in all our 
branches. We look forward to dispensing the require- 
ments of your patients. 


SOOCOOCUOOO! COO 10000000 
. 5 * 





LY 
‘ 
i) 


HEAD OFFICE: 


79-79a, LEADENHALL STREET, LONDON, E.C.3 
TELEPHONE: AVENUE 4538/9 
WEST END OFFICE: 25, NEW CAVENDISH STREET, LONDON, W.1. Telephone: WELbeck 1862 


MO—<amMn 


é 
é 


BRANCHES: 
Bow: Advance 2103 | GUILDFORD: Guildyord 4911 | sT. PAUL’S CRAY: Foots Cray 4803 
CHISLEHURST ! Imperial 4433 | ILFORD: Valentine 5825 | STRATFORD; Maryland 3393 
CROYDON: Croydon S779 | LEATHERHEAD: Leatherh’d 3157 | WALTHAMSTOW: Coppermill 5206 
DORKING : Dorking 3187 | LEWISHAM: Lee Green 2245 ) WOKING: Woking 944 
ELTHAM: Eltham 4325 | LEYTON: Leytonstone 2109 } WALTON-ON-THAMES : 


GODALMING: Godalming 2088 | ROMFORD: Romford 42208 Walton 1832 
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OCULAR PROSTHETICS 


Mr. Steer WARDMAN 


Artificial Eye Specialist 
of 


Braaks WZ 


Dispensing Opticians Artificial Eye Makers 


Mr. Steer Wardman will be pleased to accept your referred patients for the 
fitting of Artificial Eyes and Cosmetic Contact lenses by appointment at:— 


24 REGENT STREET — NOTTINGHAM 
Telephone: 46309 (2 lines) 


91 CORNWALL STREET — BIRMINGHAM 
Telephone: Central 0583 


28 WATSON ROAD — WORKSOP 
Telephone: 3204 


J. W. WARDMAN LTD. 
54 DUKE STREET — DARLINGTON 
Telephone: 66089 





My work covers all recent advances in ocular prostheses, 
magnetic artificial eyes, and facial prostheses. 
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DISPENSING OPTICIANS 
AND INSTRUMENT MAKERS 


manufacturers and suppliers of 
TRIAL LENSES TO BRITISH STANDARDS 3162/1959 


PERIMETRY AND SCOTOMETRY EQUIPMENT 
INTRA OCULAR LENSES 
REFRACTION ACCESSORIES 
CONSULTING ROOM FURNITURE - COLOUR TESTS 
ALL-BURIED SOCKET IMPLANTS 
AIDS FOR PATIENTS WITH LOW VISUAL ACUITY 
DIATHERMY EQUIPMENT - ERISIPHAKE APPARATUS 
OPERATING LAMPS - ORTHOPTIC EQUIPMENT 
DISTANT AND NEAR SUBJECTIVE TESTS 
OPHTHALMIC CAMERAS 


Branches at: 

LONDON: BEXHILL * BIRKENHEAD: BOLTON * BRADFORD: BRIGHTON * BRIXTON * CHESTER ‘ COVENTRY 
CREWE DONCASTER * EASTBOURNE: ELLESMERE PORT * HALIFAX: HARROGATE * HASTINGS * HEREFORD 
HESWALL * HOVE ‘ HUDDERSFIELD * HULL - LEAMINGTON * LEEDS * LEICESTER * LEWES * LIVERPOOL 
LUDLOW * NORTHWICH * NUNEATON * OLDHAM * OSWESTRY * RHYL * RUGBY - RUGELEY * RUNCORN 
SHREWSBURY * SOUTHPORT : STAFFORD: ST. HELENS’ STOKE: STREATHAM * WALLASEY * W. HARTLEPOOL 
WORCESTER 












BOND STREET, 


GROsvenor 5081 


100 NEW LONDON, W.1 




























BRITISH JOURNAL 
OPHTHALMOLOGY 


INCORPORATING 
THE ROYAL LONDON OPHTHALMIC HOSPITAL REPORTS 
THE OPHTHALMIC REVIEW ann THE OPHTHALMOSCOPE 








VoL. 45 DECEMBER, 1961 No. 12 








EDITORIAL COMMITTEE 
Chairman: 
Sir STEWART DUKE-ELDER, G.c.Vv.0., F.R.S. 
J. H. DOGGART (Secretary) 


J. D. MAGOR CARDELL STEPHEN J. H. MILLER 
A. J. B. GOLDSMITH FE. S. PERKINS 
J. R. HUDSON F, A. WILLIAMSON-NOBLE 


and the EDITOR of the British Medical Journal 


LONDON 
INSTITUTE OF OPHTHALMOLOGY 
JUDD STREET, W.C.1. 


Publishing Office 
BRITISH MEDICAL ASSOCIATION 
TAVISTOCK SQUARE, W.C.1. 





BRITISH JOURNAL OF OPHTHALMOLOGY DECEMBER 1961 





ERNST 
GRIESHABER 
OF SCHAFFHAUSEN 


We are happy to announce 
that the following items from 
the fine Grieshaber range of 
ophthalmic instruments are 
now available from stock 


No 81 5/7/10 Vogt-Barraquer Corneal & Conjunctival Needles 
No 82 5/7/10 Castroviejo Needles 

No 201 Cataract Knives (various sizes) 

No 212 Landolt Keratome (10 x 10mm) 

No 395 Amsler Puncture Needle 

No 400__‘ Tolia’s Cannulated Discission Knife 

No 540 Elschnig Fixation Forceps 

No 740 Arruga’s Needle-Holder 

No 83 4 _ Barraquer Keratoplasty Needle 

No 700 Desmarres Scarifier 


THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|I. 
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Fashion Frames 





A further example of the spectacie-maker’s craft, 


in crystal and silver, with the upper rims 


swept back on to the frame. 


Made and Designed by 


A. E. NEWBOLD, LTD 


1lb, Hay Hill, Berkeley Square, London, W.1 
HYDE PARK 0946/6 


Branch: 1 Broadway Buildings Branch: 64 High Street 
BROMLEY, Kent BECKENHAM, Kent 
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Needles for Keratoplasty 
Cornea, Conjunctiva 


Tilt Me) (iim lindas) 









by 


OERTLI 


Some of the many 
advantages of these 
extra fine needles 


* Stainless and 
Anti-magnetic 

* Great hardness 
and fracture 


safety 
* Sharp cutting 
point 
SIZES: 
Baad Extra fine special needle for intracorneal sutures (Keratoplasty) 
4mm 
wT, 

Finest needle for corneal sutures 5 mm 
in xf Fine needle for corneal sutures 7mm 
\ UY _ Fine needle for conjunctival and skin sutures 10 mm 


Full information available from the Sole Agents for United Kingdom 


OLEMENT CLARE FE I.rQPD. 
INSTRUMENT DIVISION, WIGMORE STREET, LONDON, W.1 


PPPPTTTTITITITITITITTTT iii iiiiiitiiiitititititittiiititiittitii 
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STANDARD TRIAL CASE 


The lenses are manufac- 
tured in accordance with 
British Standard 3162 : 1959. 


The case is Formica 
covered, with fitted 
handle, lock and key. 
It is very suitable for 
portable domiciliary 
or consultative use. 





SKEOCH TRIAL FRAMES 


This most popular Trial frame is available in 3 models. 


REDUCED APERTURE LENSES 
FULL APERTURE LENSES 
CHILDREN’S HEADBAND 







Write for illustrated literature to 
OLEMMENT CLARE FE! I.FD. 


Instrument Division 


WIGMORE STREET, LONDON, W.1. 
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We specialise in 
trial case cabinets 


THE NEW 
STANDARD 


TRIAL CASE 








and trolleys CONTENTS 
to individual a Poe each of Plus and Minus Spheres. 
r equir ‘ements 0.25 to 4.00 in steps of 0.25 Dioptres. 
4.50 to 7.00 in steps of 0.50 Dioptres. 
8.00 to 14.00 in steps of 1.00 Dioptres. 
16.00 to 20.00 in steps of 2.00 Dioptres. 
Our Standard Trial Case now contains our 19 Pairs each Plus and Minus Cylinders. 
major range of small-aperture trial lenses fit- 0.12 3 


ted in a solidly made panelled, lift-off lid case 
with removable tray. The lid is secured by 2 
strong spring clasps and a lock and key is 


0.25 to 3.00 in steps of 0.25 Dioptres. 
3.50 to 6.00 in steps af 0.50 Dioptres. 


8 Prisms — 4, 1, 1, 2, 3, 4, 6, 8. 


9 Accessories: 


( 
provided. Can be supplied in natural mahog- Maddox Rod. 
any or oak. Red & Green Glass. 

2 Cross Lines. 1 

The lenses are well spaced for easy removal. Oceluder Disc. 
i i i in Mole, : 

The indices are clearly engraved on white Stenopaic Slit. 


plastic with black figures. Outside measure- 








Frosted Glass. 








ments 21” x 15}" x 2}” approx. TOTAL Number of Lenses — 225 
Price £60 
1 
CURRY & PAXTON LTD. 
195-199, GREAT PORTLAND STREET and 22, WiGMORE STREET, LONDON, W.1 1 
INSTRUMENT DEPT: 120 ALBERT STREET, LONDON, N.W.1. Tel.: GUL 7939 F 


Principal Branches: 








LivERPOOL SOUTHPORT RICHMOND NorwicH 
GLASGOW BATH WARRINGTON LoOweESTOFT 
BrisTOL NOTTINGHAM DERBY LINCOLN 





XXVili 














BRITISH JOURNAL OF OPHTHALMOLOGY 


DECEMBER 1961 











Illustrated 
Brochure 
on request 


This new Trial Case is smaller than our well- 
known Major range of Trial Cases, but is 
ideally suited for consulting room or travelling. 


The lenses are standard 38 mm. with a lens 
aperture of 20 mm. diameter surfaced Plano 
convex or concave to give the maximum 
degree of correction during testing. The rims 
are made from solid aluminium and anodised 
Black for concave lenses and either Satin 
Silver or Red for convex powers. 

The well-made panelled case can be supplied 
in Oak or Mahogany and has a lift-off lid, Cross 
Cylinders, etc. Outside measurements 20” x 


12” x 2?” approx. Price . . . £43 10s. Od. 





A NEW 
TRIAL 
CASE 


S.A.2.B. 





CONTENTS 
23 Pairs each of Plus & Minus Spheres 
0.25 to 3.00 in steps of 0.25 D. 
3.50 to 5.00 in steps of 0.50 D. 
6.00 to 8.00 in steps of 1.00 D. 
10.00 to 16.00 in steps of 2.00 D. 
16 Pairs each of Plus & Minus Cylinders 


0.25 to 3.50 in steps of 0.25 D. 
4.00 to 5.00 in steps of 1.00 D. 


3 Single Prisms — 2, 4, and 6. 


9 Accessories. 


TOTAL Numbers of Lenses — 168 








CURRY & PAXTON LTD. 


195-199, GREAT PORTLAND STREET and 22, WIGMORE STREET, LONDON, W.1. 


INSTRUMENT DEPT: 120 ALBERT STREET, LONDON, N.W.1. 





Tel.: GUL 7939 


Principal Branches: 


LIVERPOOL SOUTHPORT 
GLAsGow BATH 
BRISTOL NOTTINGHAM 


RICHMOND NorRwIcH 
WARRINGTON LOWESTOFT 
DERBY LINCOLN 
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ULTRA-GLOSE PHOTOGRAPHY 


with the Hamblin Accessory Kit 


EASY TO USE 


A simple routine provides 
consistently good results 


without special photo- 
graphic skill. 


LOW IN PRICE 


The Kit, complete with 
camera and simple capaci- 
tor flashgun, costs under 
£25. An electronic flash 
unit is also available. 





: XXX 











BRITISH JOURNAL OF OPHTHALMOLOGY DECEMBER 1961 








COLOUR OR BLACK & WHITE 


Computed for taking colour 
transparencies, suitable for 
projection in a_ lecture 


theatre, and monochrome 
prints for publication. 


MEASUREMENT & RECORDS 


A device bearing a milli- 
metre scale appears along 


one side of the picture, also 
holds a label for record 


purposes, 





THEODORE HAMBLIN LTD 
15 Wigmore Street, London, W.|I. 
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UNIVERSITY OF LONDON 





INSTITUTE OF OPHTHALMOLOGY, JUDD STREET, LONDON, W.C.I 


Associated with * 
MOORFIELDS EYE HOSPITAL 
Qualified Medical Practitioners may enter the practice of the Moorfields Eye Hospital at any time, and 
are, on certain conditions, eligible for appointment as Clinical Assistants. 
MARCH courses suitable for Diploma and Degree examinations begin in OCTOBER and 


CH of each year. 
For further particulars apply to the Dean. 


EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS. 


The Department of Pathology of this Institute will examine and report on certain specimens sent 
by Ophthalmic Surgeons. Specimens sent from Hospitals for further examination should be sent 
through the particular Hospital Pathologist. 


For particulars apply to the Director of the Department of Pathology. 


OPHTHALMIC LITERATURE 


A Comprehensive Abstracting Service Covering Ophthalmic 
Journals and Articles of Ophthalmic Interest from all 
Countries of the World and Catering for Every Branch of 
Ophthalmology, Clinical and Scientific 
SIX ISSUES AND INDEX YEARLY 
ANNUAL SUBSCRIPTION £4 4s. Od. POST FREE 
COMBINED ANNUAL SUBSCRIPTION FOR BRITISH JOURNAL OF 
OPHTHALMOLOGY AND OPHTHALMIC LITERATURE £9 Os. Od. 


BRITISH MEDICAL ASSOCIATION 
B.M.A. HOUSE, TAVISTOCK SQUARE, LONDON, W.C.1 

















W. CALLAGHAN & S. P. HOLLOWAY LTD. 











ACCURATE & PROMPT DISPENSING 


PERSONAL ATTENTION BY 
THE PRINCIPALS 




















144, HENRIETTA PLACE 


(Corner of Welbeck Street) 
LONDON : W.1 


Telephone Welbeck 2703 
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Eliminating 
accident risk 
in 
Cataract 


Surgery 





YMAR-20N 


PRESENTATION 
each carton contains: 


1 vial 
100 Armour Units 
lyophilised 
a-chymotrypsin. 
i vial 
1 ml. Ringer’s 
Solution 
as diluent. 
1 vial 
1 ml. Ringer’s 
Solution for 
irrigation. 








brand of «chymotrypsin 


The inherent complications of extracapsular 
extraction and the accidents which sometimes 
occur during or after intracapsular extraction 


are eliminated by Barraquer’s technique. 
This technique employs the zonulolytic 
action of a-chymotrypsin, effectively replacing 


the mechanical procedures of zonulotomy. 


Literature on request 


’ ARMOUR PHARMACEUTICAL COMPANY LTD 


EASTBOURNE +: SUSSEX + ENGLAND 
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MONOGRAPH SUPPLEMENTS 


LO BRITISH JOURNAL OF OPHITHALVIOLOGY 


THE NATURE OF THE INTRA-OCULAR Price 7/6 


FLUIDS 


(Sir Francis Laking Prize 1926-27) 
By W. Stewart DukE-ELDER. 
140 pages. with Bibliography. 


THE NATURE OF THE VITREOUS BODY Price 5/- 
By W. Stewart Duke-ELper. 72 pages. 
RADIANT ENERGY Price 7/6 
as a Pathogenic and as a Therapeutic Agent 


in Ophthalmic Disorders 


(The Chore Edmonds Prize in — 
. B. STALLARD., 128 


ON THE CORRELATION ¢ OF SOME Price 5/- 
SENSORY AND PHYSIOLOGICAL PHENOMENA 
OF VISION 
By W. D. WricuTt and RaGNAR GRanir. 80 pages. 
. 10 OCULAR ONCHOCERCIASIS, INCLUDING Price 7/6 
AN INVESTIGATION IN THE GOLD COAST 


By Haro_p RIDLEY. 
58 pages, with 4 illustrations and 3 colour plates, 


. 11 UVEAL SARCOMATA Price 10/- 
By J. D. MARTIN-JONES. 
94 pages, 22 illustrations. 


13. AN EXPERIMENTAL AND CLINICAL STUDY Price21/- 
OF THE REACTION OF THE ANTERIOR 
SEGMENT OF THE EYE TO CHEMICAL 
INJURY, WITH SPECIAL REFERENCE 


TO CHEMICAL WARFARE — 


By lpa Mann, A. Pirie, and B, D, PULLINGE 
176 pages profusely illustrated in monochrome and ‘aeione. 


THE INCIDENCE AND CAUSES OF Price 10/6 
BLINDNESS 
An International Survey, 140 pages. 
By ARNOLD SorsBy. 
Nos. 1, 2, 5, 7 and 8 are out of print. 


Publishing Manager 


BRITISH MEDICAL ASSOCIATION 


B.M.A. House, Tavistock Square, London, W.C.1 
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